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SUMMARY.
The reduction of acetylcyclopropanes with metal-ammonia solutions
has been investigated. By studying the preferred direction of ring-
opening of acetylcyclopropanes substituted in the 2-position of the
cyclopropane ring, it has been shown that both steric and electronic
factors are important in deciding the products of rearrangement. The
reductive cleavage of conjugated cyclopropyl ketones with metals in
liquid ammonia is, overall, a two electron reduction. Rearrangement
could, theoretically, occur via (a), a radical-anion species, after
the addition of one electron to the carbonyl group, or (b), a
dianion species, generated by the addition of two electrons to the
carbonyl group. In the absence of any steric effect, ring-opening
has been shown to occur predominantly such that the cyclopropane- bond
cleaved 3 s the one which gives rise to the more thermodynamicolly stable
carbanion intermediate (least substituted $ carbon atom).
A polarographic study of various conjugated cyclopropyl ketones
in liquid ammonia was undertaken to try and differentiate between the
mechanism involving (a), a radical-anion intermediate in which the
negative charge was associated with carbon and not, as is more usually
considered, with oxygen, and (b), a dianion intermediate. Although
waves, corresponding to the polarographic reduction, in liquid ammonia,
of the ketones studied, were observed, no information was obtained
to enable a differentiation of the two mechanisms to be made.
The existence of a salt effect in the reductive rearrangement
of 1-acetyl-2,2-dimethylcyclopropane, with lithium in liquid ammonia,
has been shown, and a mechanism to explain the observed ratio of
rearranged products has been proposed.
-2-
The radical-induced rearrangement of acetylcyclopropanes,
substituted in the 2-position of the cyclopropane ring, has also been
shown to be dependent on both steric and electronic factors. In the
absence of any steric effect, ring-opening occurs such that the
cyclopropane bond cleaved gives rise to the more thermodynamically
stable intermediate from considerations of relative radical stability.
All attempts to rearrange acetylcyclopropanes through authentic
carbanion intermediates failed.
The importance of transition state conformations in the reduction
of conjugated cyclopropyl ketones has been discussed.
INTRODUCTION.
Preparation of Cyclopropyl Compounds.
Because of the difficulty experienced in synthesising some
cyclopropylcarbonyl compounds used in.this work, it is relevant to give a
brief summary of the synthetically important routes to this type
of compound.
There are three important routes to o<. -cyclopropyl ketones;
1) Cyclisation of chains of three carbon atoms, the first or third
of which is adjacent to a carbonyl, or potential carbonyl centre.
Of this type are the cyclisation of X -substituted ketones and in
particular the intramolecular alkylation of !( -halogenoketones and
related compounds in basic media, the reaction of oC -unsaturated
2
ketones with ylides such as dimethyloxosulfonium methylide, and the
3
reaction of epoxides with ylides.
2) Addition of a methylene, or substituted methylene group, onto the
olefinic double bond of an & ,$ -unsaturated carbonyl, or potential
carbonyl compound.^"
3) Addition of an acetonyl (CH„C0CH-), or potential acetonyl group,
j
to an olefin.
Other, leas general, methods are the ring contraction of 1,2-epoxy-
6 7
cyclobutane derivatives and 2-bromocyclobutanone derivatives, the
8
dehalogenation of ,o( -bis(bromomethyl)cycloalkanones, and the reaction
9of o<-halocarbonyl compounds with dimethyloxosulfonium methylide.
The photosensitised decomposition of aliphatic oC -diazoketones in
10the presence of olefins, and the acid-catalysed, thermal rearrangement
11of allenic tosylates have also been used to prepare cyclopropylcarbonyl
compounds.
Considerations such as the availability of starting materials,
variation of substitution in the product, configuration of tho product,
-4-
and yield make the three most important methods, from a synthetic
viewpoint, the reaction of oi,^>-unsaturated ketones with ylides, the
addition of a methylene group, or substituted methylene group, onto the
olefinic double bond of an U ,^> -unsaturated carbonyl, or potential
carbonyl compound, and the addition of an acetonyl group to an olefin.
Of these three methods, the second, in the form of the Simmons-Smith
12—1A
reaction of unsaturated compounds with the organo-zinc compound
15
prepared from methylene iodide and zinc-copper couple in ether, has
12 1A
widest application. Methylenation occurs with olefins, ' and
, a x i -j -j i i 12,13,16-20 . 19 , 13,21,22oi,^> -unsaturated alcohols, 5 ' amines, esters, ' '
ethers,>^0,22 and ketones.The reaction is stereospecific'''''
and so specific geometric isomers can be prepared.
Methylenation, using the Simmons-Smith reaction, of £> ,<£ - and
18 19 2L6 ,£ -unsaturated compounds ' ' is the only general method for
preparing directly products in which the cyclopropane group is other
than o( to a functional group.
Reductive Ring-Opening of Conjugated Cyclopropyl Ketones.
The reduction of organic compounds by metals dissolved in liquid
25 2Jo
ammonia is a well-established technique. ' When conjugated
27
cyclopropyl ketones are reduced by metals in liquid ammonia, they
undergo reductive cleavage of the cyclopropane ring. The reduction of
2g 29
this function when contained in a fused bicyclic system has been shown *
to proceed with a highly stereospecific opening of the cyclopropane ring,
the steric course of which appears to be determined by the stereochemistry
of the starting material. Examination of molecular models shows that
the cyclopropane bond which is cleaved is the one possessing
maximum orbital overlap with the IT -orbital of the carbonyl group.
This stereoselective, reductive cleavage is illustrated
with the reduction of (+)-carone (l), which gives only
-5-




Only the bond, which from models appears to have good
overlap with the K -orbital of the carbonyl group is cleaved. None of
the product which would be formed by cleavage of the C^-C^g^ bond is
observed. Similarly, the cyclopropyl ketone (5) gives only one product,








Orbital overlap considerations also appear to control the direction
of ring-cleavage in the reduction of 3- methylcar-4- ert-2- one (7) with
sodium in ethanol. A priori, bond cleavage might be expected
to be energetically favourable here, owing to the formation of an
intermediate allyl radical or anion, but only C^-C^ bond cleavage,
to give product (8), is observed.
-6-
Examirmfciork af models indicates that the C (D-0(7) bond is
botGer placed to overlap with a iK -orbital of the carbonyl
group than the C(-])-C(5) bond, considerable distortion of
the molecule being nocossary to give overlap in the latter
cose. Models also suggest that further distortion would
be necessary go allow a radical or anion.'produced at to.-overlap
wiGh the G(Zj)-C(5) double bond.
In the above examples, it is obvious which of the two
oyolopropane bonds concerned overlaps best with the
/r-orbital of the carbonyl group, but in some cases it is
difficult to decide which bond gives the best orbiGal overlap.
This situation is illustrated in the reductive cleavage





A priori, ono would expect the C(3)-C(Mand C(3)-C(5)
bonding orbitals to overlap equally well with the
K -orbitals of the carbonyl group, However, Norin
posGulatod that the interaction between the geminal methyl
group and the hydrogens on C(5) caused a slight distortion
increasing the C(3)-C(5) bond overlap, thus explaining the
observed single product,
The reductive cleavage of conjugated cyclopropyl
ketones with metals in liquid ammonia is, overall, a two
electron reduction. Rearrangement could occur through
(a), a radical-anion species, after Ghe addition of one
electron to the carbonyl group, or (b), a dianion species,
generated by the addition of two electrons go the carbonyl
group. It can be seen that rearrangement of
electrons in the bond cleavage step of the reduction leads
to either an alkyl radical or a carbanion intermediate.
Because of the differing stabilities of primary,
secondary, and tertiary carbanions and radicals, it should
be possible to differentiate between a mechanism involving
an alkyl radical intermediate and a mechanism involving a
carbanion intermediate. It is known that the stability
32a.
of a radical increases with increasing substitution and
that the stability of a carbanion decreases with increasing
32t>
substitution," Therefore, when electronic factors alone
decide the direction of cleavage, cleavage of an
unsymmetrieally substituted cyclopropane ring should give
rise preferentially to that product which is derived from
the most substituted radical intermediate for on olkyl
radical mechanism, and to that product which is derived
from the least substituted carbanion intermediate if rearr-
-angement occurs through a carbanion mechanism.
The assumption that the relative stabilities of the
intermediates should influence the direction of ring-
opening when electronic factors alone are controlling has
~3~
boGti confirmed for rearrangement through both radical and
oarbanion intermedia tos,
35
Neckers, Schaap, and Hardy have shown that the
radical rearrangement of trans-2-methyloyolopropyl phenyl
keton's (ll ), with di-t-butyl peroxide in butan-2-ol, gives
the two possible rearranged products, butyl phenyl ketone
(12), and isobutyl phenyl ketone (is), in the ratio of 9:1.
The rearrangement is predominantly in the direction
favouring the more stable secondary radical intermediate.
In the hydrolysis of 3-acetoxy-/i'-pyrazolines,
Freeman and Plonka ^"have shown the existence of an inter¬
mediate cyclopropyl homoenolate ioa.(lf-)j formed from a
secondary carbanion, which rearranges in the direction
favouring the more stable primary carbanion product,
_ u
V- c"° > W~ _>V 8. H
-V R R2 R R2 CH2
(U)
However, in fused blcyclic systems, the very high
stereospecificity of the reduction, which has already been
explained in terms of orbital overlap, indicates that
stereochemical factors control the direction of ring opening.
Consideration of the actual direction of ring opening
obtained confirms chat the controlling factors ore not
electronic, .
. \ . . 2.9
In the reduction of (-) - sabinaketone (5), the
observed single product, 3-isopropyl-3-methylcyclopentanone
-9-
(6) Is formed from C(-])-C(£;) bond cleavage via an intermedia to
in whioh C(g) is a primary centre. C(1)-C(5) bond cleavage,
giving on intermediate in which C(tj) become a tertiary .
centre, would give U-isopropylcyclohexonone which is not
. . , .IS, 1°)
observed. In the reduction of (+) - carono (I), the
product obtained (-) - carvomenthono (2) is formed by C(-|)-
C(y) bond cleavage via on intermediate in which 0(7) is a
tertiary centre, c(i)~c'(6) bond cleavage, giving on
intermediate in which C(6) become a secondary centre, would
give 3,3-dimethyl-7-methylcycloheptanono, which is not
observed. Finally, in the reduction of lumicholestenone
1°)
(15), to 1(10'->5°0 - abeochole3ton-2-one (16 ) , no competition
is observed between C(-| )-C(•] Q^'.bond cleavage and
cleavage although ring opening gives rise to 0 tertiary
centre in both coses.
It is seen that in the first example rearrangement
occurs via the loost substituted intermediate, in the second
via the most substituted Intermediate, and in the last via
one of two similarly substituted intermediates, thus
confirming that electronic factors are not decisive in
directing ring opening in this type of system,
It is obvious, therefore, that before the electronic
factors influencing the direction of ring-opening can be
evaluated, the storic factors must be eliminated. It is
necessary, therefore, to study the reductive opening of
conjugated cyclopropyl ketones in which both bonds of the
cyclopropane ring ore free to overlap with the ?T-orbitol
of the carbonyl group, thus eliminating any storic effect.
(15) (1§)
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For this reason, the reduction of conjugated ketones of
the general type ( 17) was studied. In this system there is free
rotation of the acetyl group allowing overlap with either cyclopropyl bond.
(R^, R ,=H, Me; Me, H; or Me, Me.)
The basic premise to the present work is that by placing
substituonts at the 2-position of acetylcyclopropane,
and studying the preferred direction of ring-opening, it
should be possible to deduce whether the rearrangement
occurs through a radical or an anion species.
In principle, cleavage is possible in two directions.
"yU —
However, the favoured direction of opening should be
controlled by the typo of species involved, i.e. radical
or anion.
For a radical-anion process, ketone (l7) could givo
rise to two products, (is) and (.19), through two radical-





Assuming that equal overlap of both cyclopropane bonds
with the if-orbital of the carbonyl is possible and that the
energy of the transition state reflects the stability of
the open-chain species being formed, product (18) would be
expected to predominate, since the intermediate secondary or tertiary
radical (20) would bo more stable than the primary radical
"32 x.
(2±)» 1 Rearrangement of (22a), the alternative form of
the rodical-anion (22), i.e. two electrons on carbon and
the odd electron on oxygen, is considered unlikely, since
it has been shown that the major contributor to the
resonance hybrid of the radical anion has two electrons on
35 3b
oxygon and the odd electron on carbon. '
For a dianion process, ketone (jjz) could give rise
to two products, again (is ) and (l9 ), via the two carbanion
intermediates, (25) and (24.-) respectively.
Using the same assumptions made in the above
discussion of tho radical-anion mechanism, product (19 )
would now be expected to predominate since the itemediate
primary carbanion (24) would be more stable than the secondary or
32 b
tertiary carbanion (25).
It has been shown that cyclopropyl ketones undergo
reductive cleavage with metals in ammonia by a mechanism
-12-
27
similar to that found for enones. In tho latter case,
37
alkylotion and douterotion studies have shown that,
during reduction, the carbon atom behaves as a carbonion.
The assumption, therefore, that ring-opening of cjrclopropyl
ketones occurs via a carbanion intermediate is logical,
29,39,9-0
and is generally favoured. However, in the reduction
of oij -unsaturated carbonyl compounds, both by metals,
hr I
and electrolyticnlly, Wiemann has shown the existence of
rodical-anions, formed on the surface of the metal or at
the cathode during the reduction process. Furthermore, in
the polarogrophic roduction_of carbonyl compounds at high
pH, Schmid and Heilbronner hove viewed the mechanism of
reduction as the addition of one electron to the carbonyl
group. The assumption that ring-opening of cyclopropyl
ketones occurs via a radical-onion mechanism is therefore
equally reasonable. Surprisingly, only one group of
3i
workers considers that the ring-opening of cyclopropyl




1 -Acetyl-2,2-dimethylcyclopropane was prepared by the method of
k.2 A-"5
Roberts et al using the Corey-Chaykovsky reaction of
dimethyloxosulfonium methylide, in dimethyl sulfoxide, with mesityl
oxide (27).
Me 0 p) (fwi , Me n
\>_/\Me + CH2S(Me)2 (Me)2S0 ^ \>/V
Me Me
(2Z) (26)
The spectral data (ir and nmr) of the product, purified by
preparative vpc, are given in the experimental section and were in
UX
agreement with literature values.
cis-1-Aoetyl-2-methyloyclopropane (28)
Great difficulty was experienced in the preparation of this
essential product and many different approaches were tried before a
successful synthesis was found.
uX
Roberts et al have described the preparation of a mixture of
cis-1-acetyl-2-methylcyclopropane (28) and trans-1-acetyl-2-
methylcyclopropane (23) in the Simmons-Smith reaction of cis-pent-
3-en-2-one (30) with the organo-zinc compound prepared from zinc/
copper couple and methylene iodide in zinc.
0 CH 1 Me A C<Me(9/o) +J VC0Me(ll/)
PI -„2n2 -3 'V_AA Me
Zr/Cu couple
(12) (28) (21)
In their preparation of cis-pent-3-en~2-one. it was reported that
if iodine was added to refluxing trans-pent-3-en-2-one. an equilibrium
mixture of the pis and trans isomers was formed, and, since the cis
-u-
isomer had a lower b.p. (98-101°)than the trans isomer (b.p. 120-122°),
it was possible to distil out the cis isomer using a very efficient
distillation apparatus.
Accordingly, trans-pent-3-en-2-one was prepared using the 7ittig
reaction of acetylmethylenetriphenylphosphcrane and acetaldehyde in
kM-
methylene chloride. It has been reported that this method gives
trans-pent-3-on-2-one in a very high state of purity. The product was
k-5
obtained by distillation (b.p. 120-122 , lit.. h.p., 12lt-) and
contained less than 0.5'A impurity (vpc; Apiezon L, 55°). The spectral
data (ir and nmr) of the product, given in the experimental section,
confirmed the assigned structure.
However, the attempted distillation of cis-pent-3-en-2-one from
a refluxing, equilibrium mixture of cis and trans isomers, using a
Buchi spinning band distillation apparatus with a very high reflux/
take-off ratio, gave only trans-pent-3-on-2-one and water, as an
azeotropic mixture (b.p., 99°). A slight modification of technique,
suggested by a private communication from Professor Roberts, was that
the water formed in the equilibration was removed by distillation and
fresh iodine was added. Again, however, only the trans, isomer was
obtained.
This approach to the synthesis of ois-pent-3-en-2-one was,
Uh
therefore, abandoned. It has since been reported that ois-pent-
3-en-2-one has b.p., 130°; this was confirmed by oxidation of an
authentic sample of _cis-pent-3~en-2-ol (experimental section, p. 17 )
to give a product with b.p., 131-133°.
1+7
House et al report obtaining both the pis and trans isomers of
methyl crotonate (31), in the ratio of 38:62, from carbomethoxy-
methylenetriphenylphosphoran© (32) and acetaldehyde using methanol as
the solvent.
fC ^Hr) ,P = CH-COJIe MeCHO v M® + M® CO^le'6 5 3 2 -) \=x
00^e W
(IS) (Ha) (lib)
The preparation of trans-pent-3~en-2-one was, therefore, repeated
using acetylmethylenetriphenylphosphorane (0.90 m mole) and acetaldehyde
(4.3 m mole) in methanol ( 4 ml.). Only the trans isomer was obtained,
however. It has since been found, in this laboratory, that some
subsequent preparations of trans-pent-3-en-2-one, using the method
given on p.72 , gave as much as 11% of a product identified as cis-
pent-3-en-2-one (nmr, ir, and ms) although in the preparation given on
p. 72 , no cis isomer was obtained. Wo explanation for this can be
offered.
The decarboxylation of bicyclo |__4.1.0J heptane-7,7-dicarboxylic
, v 43* ^
acid (33) to give exo- and endo- bicyclo |__4«1.0j heptane-7-carboxylic




+/^j (25fo) + // (35^)h2co2h
(kOfo)
(11) (16) (It) (11)
might be possible to prepare cis-2-methylcyclopropylcarboxylic
acid (37) by decarboxylation of 2-methylcyclopropanedicarboxylic acid
(38). The required
/v A
Me / x conh Me*
(H) (37)
-16-
aioetylcyclopropane could then "be prepared by treatment of the ois-aoid
chloride with dimethylcadmium.
However, no product was obtained from the reaction of
1,2-dibromopropane (39) and the sodium salt of ethylcyano-acetate (40)
SO
using the method of Perkin and Carpenter, and so 1-carbo-ethoxy-1-




CH2Br + Na CH - I , ^ /\ /01
Me' TOjEt / Me ^ °°2«
(12) titS) (M)
5i
It has been reported that the reaction of cis-1 -bromoprop-1 -ene
(42) with lithium in ether gives cis-prop-1-enyl-lithium (43). and that
the configuration of the propenyl lithium is retained in the subsequent
reaction with acetaldehyde, to give cis-pent-3-en-2-ol (44).
Me Bp Me Li Me CHOH Me
\ / Li <__ / MeCHO y \ /
(M) (iD (M:)
All attempts to synthesise cis-prop-1-enyl-lithium, however, failed
due, it is thought, to an impurity in the bromide used.
II
Bertrand and SantelXi have reported the production of a mixture
of cis- and trans-1-acetyl-2-methylcyclopropane (28. and 29) from the
acid-catalysed solvolysis of hexa-4,5-dien-2-yl toluene-jD-sulphonate








which is prepared from hex-4-en-1-yn-3-ol by a three-stage synthesis.
However, the attempted preparation of hex-4-en-1-yn-3-°l from
crotonaldehyde and sodium acetylide, in liquid ammonia, resulted in
an explosion when the product ?ra.s being distilled and so this route to
cis-1-acetyl-2-methylcyclopropane was abandoned.
ois-1-Acet.yl-2-methylcyclopropane was finally obtained by oxidation
of cis-1 -(2-methylcycloprop.yl) ethanol. prepared from cis-pent-3-on-2-ol
<55
by a modified Simmons-Smith reaction. The procedure of Raphael, for
the preparation of acetylenic carbinols was used to prepare pent-3-
yn-2-ol from prop-1~yn-1-yl magnesium bromide and acetaldehyde.
Hydrogenation of pent-3-yn-2-ol over a modified Lindlar's palladium
catalyst gave a product, the spectral data of which were in full
agreement with the structure of cis-pent-3-en-2-ol.
The Simmons-Smith reaction on cis-pent-3-en-2-ol was first tried
using the method given on p.^-3 of the experimental section, which was
used successfully in the preparation of trans-1 -(2-meth,ylc.yclopropyl)
ethanol from trans-pent-3-en-2-ol. Three different experiments, using
the conditions given, gave (l), recovered cis-pent-3-en-2-ol, (2), a
crude product which contained more than twenty components of roughly
equal amounts (vpc),none of which had a retention time of the order
expected for the product (i.e. a retention time similar to the trans
isomer), and (3), a mixture of three unknown iodo-conpounds.
However, the Simmons-Smith procedure as described by Dauben and
Berezin was found to give the desired product (purified by preparative
vpc; k-jfo yield overall) when a very short reaction time and a very large
ratio of solvent to reactant was used. The spectral data (nmr and ir)
of the product, given in the experimental section, were as expected for
-18-
cis-1 -(2-methylcyclopropyl) ethanol.
Oxidation of an ethereal solution of this alcohol with chromic
acid (6N), gave cis-1-acetyl-2-methvcyclopropane which had spectral
u-2
data (ir and nmr) identical with literature values. The mass spectrum
of the ketone was as expected.
trans-1-Acet.yl-2-methylcvclopropane (29)
It was originally intended that both the cis and the trans isomers
of 1-acetyl-2-methylcyclopropane would be prepared at the same time from
cis-pent-3-en-2-one, see p. ^3 , but the difficulty experienced in the
preparation of cis-pent-3-en-2-one precluded this.
Since ^-unsaturated alcohols are reported to give much better
IS
yields than .^-unsaturated ketones in the Simmons-Smith reaction, it
was decided to prepare trans-1-acetyl-2-methylcyclopropane by oxidation
of the product obtained from the Simmons-Smith reaction of trans-pent-3-
en-2-ol.
trans-Pent—3-en-2-ol, prepared from crotonaldehyde and methyl-
magnesium chloride, was reacted with the organo-zinc compound from
methylene iodide and zinc/copper couple, generated in situ using the
modification of the Simmons-Smith procedure described by Perraud and
Arnaud. The spectral data of the vpc pure product are given in the
bb
experimental section, and were in agreement with the published values
for trans-1-(2-methylcyclopropyl) ethanol. Oxidation of this material
(6N chromic acid) gave a product which had the expected spectral data
(ir, nmr, and ms) for trans-1-acetyl-2-methylcyclopropane.
'H Nuclear Magnetic Resonance Spectra
The ' H nuclear magnetic resonance spectra of acetylcyclopropane,
cis- and trans-1-acetyl-2-methylcyclopropane, and 1-acety1-2,2-
dimethylcyclopropane were obtained at 100 MHz in carbon tetrachloride
-19—
as solvent, with tetramethylsilane as lock, and in benzene as solvent
and lock. The chemical shifts', of most of the protons were found to be
different with benzene as the solvent. This is to be expected since it
57
is known that the carbonyl group forms a loose A"-type complex with
benzene, and that this complex has a sufficient life-time to enable the
^-electrons of the benzene ring to affect the chemical shifts of protons
close to the carbonyl group.
The data from the spectra of all four compounds are given in the
experimental section but since there are few published values for chemical
shifts of protons in this type of compound, the chemical shift data are
summarised below in tabular form. For ease of identification, protons
are labelled HA., HB, etc., as shown at the head of the Table. Only
HC and/or HD of the cyclopropane ring may be substituted by a methyl
group; for example, in the spectrum of trans-1-acetyl-2-methylcyclopropane
HC would represent the three protons of a methyl group.
As expected, the chemical shifts of those protons on the same side
of the cyclopropane ring as the acetyl group were most affected when the
spectrum was obtained in benzene.
Coupling constants (if any) and integration of peaks in the spectra,
spin-decoupling, and deuteration provided the evidence for the proton

















ha.(cci4) 1.88 m,1H) 1.53 (m,1H) 1.98 m,1H) 1.78 d of d, 1H)
(c#6> 1.68 m,1H) 1.50 (m,1H) 1.72 m,1H) 1.62 m, 2H)
hb(cci.) 0.80 m,4H) 0.60 (m,1H) 0.96 m,2H) 0.71 d of d, 1H)
w 0.70 m,2H) 0.60 (m,1H) 1.00 m,1H) 0.74 d of d, 1H)
HC(cc1) 0.80 m,4H) 1.13 (a,3H) 0.96 m,2H) 1.17 s, 3H)
(c6h6^ 0.70 m, 2H) 1.02 (a,3H) 0.85 m,1H) 1.12 s, 3H)
iid(cci^) 0.80 m,4H) 1.20 (m,2H) 1.01 d,3h) 1.05 s, 3H)
w 1.10 m,2H) 1.50 (m,2H) 1.23 a,3h) 1.32 s, 3H)
he(cc1.)
4
0.80 m,4H) 1.20 (m,2H) 1.30 m,1H) 1.11 m, 1H)
(C6H6> 1.10 m,2H) 1.50 (m,2H) 1.23 m,1H) 1.62 m, 2H)
hf(cc1,)
4
2.15 s,3H) 2.13 (s,3H) 2.15 s,3H) 2.14 s, 3H)
2.04 s,3H) 2.06 (s,3H) 2.08 s,3H) 2.10 s, 3H)
-21-
Mass Spectra
At low ionisation potentials (x<20 eV), the fragmentation patterns
of acetylcyclopropane, trans- and cis-1-acetyl-2-methylcyclopropane, and
1-acetyl-2,2-dimetbylcyclopropane were identical, each spectrum showing
only four mass peaks, the molecular formula of which were obtained by
accurate mass measurement. In all cases, the parent ion was formed
from the parent acetylcyclopropane by loss of one electron, and the
5$
base peak was at n/e = 43 the acetylium ion), formed by loss
of a cyclopropyl radical from the parent ion. The two other peaks had
n/e = (p - 15), and (p - 43), respectively. The first peak was shown
by accurate mass measurement to be due to loss of a methyl radical from
the parent ion. Comparison with the mass spectrum of 1 -acetyl-2,2-
dimethylcyclopropane in which all three hydrogen atoms of the acetyl
group were replaced by deuterium showed that the methyl radical lost
came exclusively from the acetyl group. The peak at n/e = (p - 43)
was shown by accurate mass measurement to correspond to the cation
formed by loss of an acetyl radical.
The attempted route to this product was from 4-ethylhex-3-en-2-one
43
(47) using either the Corey-Chaykovsky reaction as described on p. 72.
for thepreparation of 1-acetyl-2,2-dimethylcyclopropane, or the
Simmons-Smith reaction.
Et>=/C° Me x EtyVcO MeEt"^ Et
(hi) (M)
trans-nent-3-en~2-one had already been prepared using the Wittig
Li-4
reaction of acetylmethylenetriphenylphosphorane and acetaldehyde and
-22-
so it was thought that reaction of the same ylide with pentan-3-one
would give the required 4-ethylhex-3-en-2-one. However, using the
conditions described, only unchanged starting material was obtained.
59
Ruchardt, Eichler, and Panse report that carbonyl compounds can
be made to react with stabilised ylides such as acetylmethylenetriphenyl-
phosphorane if the reaction is carried out in the presence of benzoic
acid and a large excess of carbonyl compound,
However, boiling a solution of the ylide, pentan-3-one, and benzoic
acid in benzene for 48 hours, again gave only unchanged pentan-3-one,
yo
Wittig and Suchanek have reported that the reaction of the
lithium derivative of the Setoff's base isopropylid e. necyclohexylamine




Me ^ - "C6 Ph2C^CH2_ C?c" C6H11
(42) 21 ^h2°
PhgC = CH -CO Me
(42)
The directed aldol condensation using (48) and pentan-3-one gave a
mixture of three products in almost equal amounts and with very similar
vpc retention times. Examination of the ir spectrum showed the presence
•*1 —i
of a large olefinic absorption (1620 cm" ), and a conjugated (1685 cm )
—1
and unconjugated (1710 cm ) carbonyl absorption. At low eV, the mass
spectrum showed only peaks at n/e = 126 (p), 111 (p - 15)» 97 (p - 29),
and 43, almost as expected; the major peaks, at low eV in the mass
spectrum, being expected to correspond to a parent ion at n/e = 126,
-23-
loss of a methyl radical from the parent ion, at n/e = 111, loss of
an ethyl radical from the parent ion, at n/e = 97# and the acetylium
ion at n/e = 43. The presence of a peak at w/e = 83, corresponding
to the loss of an acetyl radical from the parent ion, was considered
possible but was not, in fact, observed. It seems likely, therefore,
that the product was a mixture of 4-ethylhex-3~ea-2-one (itl), and cis-
and trans-4-ethylhex-4-en-2-one (j>0, and £1) , since Faulk and Fry
found
(€t)2C0 Et /0—H.
/, \ C N — C /-H.,(^a) — Et^CH^cf 611
Me
h+/h2o
Et Me if ,CH CO Me
C = CH CO Me + 'WCH C° Me + /*=C.
Et "* 'Et Me
(k1) (52) (51)
that a large amount of the unconjugated isomer could be formed in the
preparation of unsaturated ketones. For example, in the preparation
of 5-ethyl-4-methylhept-4-en-3-one, (52). 93% of the unconjugated isomer,
5-ethyl-4-me thylhep t-5~en-3-one (55) was formed with only 7% of the
expected product (52).
Et Me *e
x—+ Me, ,CH CO Et (93%)
Et-' NC0 Et (7%) ~\Et
(52) (55)
The isomeric mixture of products (47). (j>0), and (51) could not
be separated by distillation, preparative vpc, or thin layer
chromatography.
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It was thought that reaction of this product mixture with
dimethyloxosulfonium methylide might give a product mixture from which
1-acetyl-2,2-diethylcyclopropane could be isolated. Accordingly, the
mixture of the three isomers of 4-ethylhexen-2-one in dimethyl-
formamide was reacted with dimethyloxosulfonium methylide in
anhydrous dimethylformamide using the method of Landor and Punja.
After the usual work-up procedure, and distillation, a mixture of
three new products was obtained, which was only partially resolved
by vpc. This mixture could not be separated by preparative vpc,
column or thin-layer chromatography.
The Reduction of Substituted Acetylcyclopropane with Metals in Liquid
Ammonia
During the period since this work was commenced, results have
39,40
been published duplicating in part some of the work discussed below,
and where appropriate, comparisons are drawn with relevant results.
The results of the reductions of 1-acetyl-2,2-dimethylcyclo-
propane, and cis- and trans-1-acetyl-2-methylcyclopropane with metals
in liquid ammonia are shown in Tables 1-10 in the Appendix.
Two methods of reduction were employed; method A, in which the
reducing metal was added to a solution of ketone in liquid ammonia,
and method B, in which ketone was added, by syringe through a septum
cap, to a solution of the reducing metal in liquid ammonia.
Tables 1 and 2 show the results of several reductions on 1-acetyl-
2,2-dimethylcyclopropane with lithium in liquid ammonia, using methods
A and B respectively. Using method A, the ratio of the rearranged
products, 5-nethylhexan-2-one (54). and 4,4-dimethylpentan-2-one (55).
was virtually independent (-5$) of the amount of lithium added, but
using method B, the ratio of rearranged products varied with the
concentration of lithium used in the reduction.
Since the aim of the reduction experiments was to differentiate
between the possible mechanisms for the reduction of acetylcyclo-
propanes by dissolving metals in liquid ammonia, the significance of
the differences observed using the two reduction methods are discussed
in detail later.
It will be seen that method B was used in all reduction experiments
apart from those the results of which are shown in Table 1. There are
two reasons for this. Firstly, the experiments shown in Tables 3-8
were carried out primarily to investigate the reasons for the variation
in ratio of rearranged product using method B, and secondly method B
was preferred to method A because of the practical difficulty of
keeping the reduction mixture anhydrous and minimising loss of
volatile material using method A.
Before vpc analysis of the product mixture from a reduction, any
alcohols present were converted to the corresponding ketones by
oxidation with 6N chromic acid, Postulated mechanisms for the formation
of alcohols are presented later.
Decane was added as an internal vpc standard in most reductions.
In a control experiment, a mixture of decane (0.10 g), 5-methylhexan-
2-one (5k) (0.25g), and 4,4-dimethylpentan-2-one (55) (0.25 g) was
analysed by vpc (peak integration) and then added to liquid ammonia
(50 ml.). The mixture was stirred for 2 hours and then solid ammonium
chloride was added in the usual work-up procedure. After evaporation
of the ammonia and concentration of the ether extract, vpc analysis
(peak integration) gave an unchanged ratio of decane : (54) : (55).
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The ratio also remained unchanged after treatment of a portion of the
ether extract with 6N chromic acid. The results of the control
experiment indicated that if decane was added at the start of each
reduction, it could be used as an internal vpc standard to estimate
the yield of recovered material in the reduction experiments.
In the reduction of 1-acetyl-2,2-dimethylcyclopropane (26).
the only three products observed on vpc analysis of the oxidised product
mixture were 1 -acety1-2,2-dimethylcyclopropane, 5-niethylhexan-2-one (54) ,
and 4,4-dimethylpentan-2-one (55).
"VW . He,/\C0«e . VsA ♦ -LA
Me ' Me I '
(20 (26) (%) (55)
l+O
Dauben and Wolf, who have made a similar study, occasionally
observed 2-methyl-1-hexen-5-one , as well as the three products
shown above, on vpc analysis of the oxidised product mixture from the
reduction of ketone (26) with lithium in liquid ammonia. They assumed thai
tUe extra- kro<Lo<jr was produced thermally, possibly by rearrangement
on the vpc column used (2Q$ XF - 1150 Cyanosilicone, 150°), and not
by lithiun/liquid ammonia reduction.
rKe extra f>ro<lecV was never observed in the present work, even at the
maximum vpc temperatures used (120°, Carbowax; 180° Apiezon).
Tables: 1 and 2 show that in the reduction of ketone (26), the
favoured product of rearrangement was ketone (54), the ratio of (54)/
(55) varying from 2.05 to 4.50. The decane integral in these tables
shows an average recovery of material, of 90^.
-27—
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For the same reduction, Dauben and Wolf found random values
for the ratio of (5h)/(55) in the range 2.5 - 3.4, and Fraisse-
30
Jullien and Frejaville, another group studying this system, found
a ratio of 1.5, results quantitatively in agreement with those shown
in Tables 1 and 2, although the methods of reduction were slightly
different. Dauben andWolf, however, obtained a minimum loss of
material of 16%, with an average loss of 35%» Cyclo-octane was used
as an internal vpc standard and was added after work-up of the reduction
mixture. Preferential loss of standard was noted when cyclo-octane was
added at the start of the reaction but no explanation for this was
offered. Fraisse-Jullien and Frejaville did not give any information
about product loss during reduction.
The yield of rearranged product from the reductions varied from
57 to 98% of the total product recovered. That there was no relation¬
ship between the yield and the ratio of rearranged product can be seen
from Table 1. The product ratio remained essentially the same although
the percentage of rearranged product varied from 79 to 97% °f the total
obtained.
The results of several reduction of trans-1 -acetyl-2-methylc.yclo-
propane (29) with lithium in liquid ammonia, using method B, are shown
in Table 9. The three products observed on vpc analysis of the
oxidised product mixture were trans-1-acetyl-2-methylcyclopropane,
hexan-2-one (56). and 4-methylpentan-2-one (57). as expected.
+
(22) (22) W (£Z)
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The favoured product of rearrangement was ketone (57). the
ratio of (56)/(57) ranging from 0,0518 to 0.043'!, in a random manner,
Dauben and Wolf observed the same three products in the
reduction of ketone (29). and found values of 0.068 and 0.027 for the
ratio of (j56)/(^2), no reason for this large variation being offered.
Fraisse-Jullien and Prejaville, however, observed only one product,
ketone (^J) > reduction of ketone (_2g).
The results of several reductions of cis-1-acetyl-2-methylcyclo¬
propane (28) with lithium in liquid ammonia, are shown in Table 10.
Owing to shortage of material, the weight of ketone (28) used in each
reduction (0.25 g.) was lessthan the weight of ketones (26) and (29)
used (0.50 g.). However, in a control reduction on ketone (26),
using 0,300 g. of lithium, the same ratio of rearranged products was
obtained with 0.25 g. as with 0.50 g. of starting material.
The three products observed on vpc analysis of the oxidised product
mixture were cis-1-acetyl-2-methylcyclopropane (28), hexan-2-one (56),
and 4-methylpentan-2-one (52), as expected.
The favoured product of rearrangement was ketone (56), the ratio
(50/ (5Z) ranging from 6.3 to 9.0 randomly.
Dauben and Wolf observed the same three products in the reduction
of ketone (28). and found values of 13 and 22 for the ratio of (56)/(57)
no reason for the variation being given.
(28) (28) (50 (52)
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As has been discussed in the Introduction, the direction of ring-
opening observed in the reduction of conjugated cyclopropyl ketones is
influenced both by steric and electronic factors. The basic premise
to the present work was that by placing alkyl substituents at the
2-position of acetylcyclopropane, and studying the preferred direction
of ring-opening, it would be possible to deduce whether the
rearrangement occurred through a radical or an anion species, since it
was assumed that both bonds of the cyclopropane ring in this type of
system would be free to overlap with the A-orbital of the carbonyl
group, thus eliminating any steric effect.
This last assumption was shown to be false by comparing the
results of the reductions of ketones (28) and (2£) which should give
the same roarranged products, in the same ratio, if free rotation about
the cyclopropane-carbonyl bond can occur. The ratio of the rearranged
products in the reduction of ketone.(22) was in fact reversed in the
reduction of ketone (28).
Examination of molecular models sho?jed that in cis-1 -acetyl-2-
methylcyclopropane (28) the cis-meth.vl group exerts a steric effect
such that the C^-C^ cycl°Pr0Pane bond has better overlap with the
carbonyl K-system than the C^-C^) bond, but that in trans-1-acetyl-2-
3 2 3 2
(28) (28)
methylcyclopropane (2g), no such sterio effect is present. The
observed ratios of rearranged products can, therefore, be explained as
follows: with ketone (29), where there is no steric effect, the favoured
product of rearrangement is decided by the relative thermodynamic
stability of the intermediates generated, but with ketone (28), the
tendency to form the thermodynamically most stable intermediate is
outweighed by the steric effect, giving a reversal in the ratio of
rearranged products.
In ketone (29), where thermodynamic considerations alone control
the direction of ring-opening, the favoured product of rearrangement
is ketone (57). As a consequence of the arguments advanced in the
Introduction, rearrangement must occur, therefore, via a mechanism
involving an anion intermediate (formation of a primary carbanion
rather than a secondary carbanion).
Two mechanisms for this type of rearrangement were advanced in
the Introduction, one involving an initial dianion of the general
type (25), and one involving a radical-anion of the general type
(22a). Rearrangement of the
(25) (22a)
radical-anion species (22a) was considered unlikely, but was not
entirely excluded,, By reference to the Introduction, it can be seen
that rearrangement through the dianion (25) necessitates ring-opening
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after the addition of two electrons, but that ring-opening can occur
after the addition of only one electron if rearrangement proceeds via
the radical-anion (22a), It was hoped that it might be possible to
differentiate between these two mechanisms by a polarographic study of
acetylcyclopropane (58) and the substituted acetylcyclopropanes (26).
(28), and (29), Theresults of that investigation are presented later.
The observed ratio of rearranged products from the reduction of
ketone (28) has been explained by the steric effect of the cis-meth.yl
group. This steric effect should be the same in 1-acetyl~2,2-
dimethylcyclopropane (26). and, in fact, the observed ratio of products
does favour the product arising from the thermodynamically least stable
intermediate. However, in the latter case, the ratio lies in the
range of 2.05 - 4.50 against a range of 6,3 to 9.0 for the
rearranged product from the reduction of (28).
The difference between the two systems arises because the preferred
direction of ring-opening is influenced by both electronic and steric
factors. The tendency to form a primary carbanion rather than a
tertiary carbanion from ketone (26) is stronger than the tendency to
form a primary carbanion rather than a secondary carbanion from ketone
(28). If, therefore, the magnitude of the steric effect is the same
for both ketones, the ratio of products from ketone (26) should be
closer to that expected on stability grounds than the ratio of products
from ketone (28), i.e. (54)/(55) < (56)/(57). In the absence"of any
siteric effect (55) and (57) would be expected to be the major products
c.f. trans-1 *-acefryix2*methylcvclonropahe. '
Since the ratio of rearranged products from ketones (26) and
(28) was very sensitive to steric effects, several reductions were
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carried out using different reducing metals to see if the ratio was
influenced by the size of the reducing metal.
The results of several reductions of ketone (26) using barium
and sodium as the reducing metal are shown in Tables 4 and 5
respectively. With barium as the reducing metal, the ratio of
rearranged ketones (34)/ (33) ranged from 1.63 to 1.87, and with sodium,
from 2.22 to 2,93- In one experiment using sodium, a value of 3.50
for the ratio of (54)/(55) was observed but since preferential loss of
the standard was observed in that reduction, the result may well be
anomolous. In fact, in three of the twelve reductions carried out
with sodium, some loss of the standard was observed. However, at no
other time was loss of the internal vpc standard suspected.
40
Dauben and Wolf have reported results of the reduction of
ketone (26) with sodium, calcium, and potassium. Using sodium, they
found the ratio of (54)/(55) was 3.5, and with calcium and potassium
was 2,8 and 3.2 respectively. Their reported value of 3*5 for the
ratio of (54)/(55). using sodium, was certainly higher than the range
for this ratio given above, but was the result of only one reported
reduction.
There is, therefore, only a small difference in the ratio of
rearranged products observed when different reducing metals are used,
suggesting that the conformation of the transition state changes little
with different metals. The reducing metal with the smallest atomic
size, lithium, must, therefore, be large enough to fix the preferred
b3; b4
conformation since it has been shown that the ground-state and
L5
transition state conformations in the metal-ammonia reductions of





The data in Table 2 shows that there is a direct correlation
between the ratio of (^)/(^) observed and the concentration of
lithium used in the reduction of ketone (26). A graph of the ratio
of the rearranged products against the molarity of the lithium
solution used in the reduction is shown below. The straight line
part of the curve obtained had a slope of 0.981 litres moles and
an intercept of 2.03, with a correlation coefficient of 0.9994
(regression analysis, nine points).
The variation of the ratio of (54)/(55) with concentration of
lithium was shown to be caused by a salt effect. Table 7 shows the
results of several reductions of ketone (26) with a constant weight
of lithium metal (0.20 g.) but with varying weights of lithium iodide
added. As expected for a salt effect, the ratio varied with total
molarity of lithium ion although the weight of lithium metal used was
constant.
A graph of the ratio of (5_4)/(55) against total molarity of
lithium is shown below, the dotted line showing the curve obtained
using lithium metal alone. Excellent correlation was obtained.
Table 8 shows the results of several similar reductions with
mixtures of lithium and lithium iodide but using varying weights
of lithium metal. Again there is a correlation between the ratio
of (54)/(^5) and the total molarity of lithium. The two reductions
using the smallest weight (0.050 g.) of lithium metal were exceptional
Ratio of rarranged products. (jL4)/(i£), from the reduction of 1-acetvl-
2.2-dimethylcyclopropane with lithium in liquid ammonia, plotted against
molarity of lithium in the reduction mixture.
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in that the recovery of starting material was very much higher than
usual (50 and 67% respectively).
The above data is consistent with a salt effect in the reduction
of ketone (26) with lithium in liquid ammonia, using method B, It was
of interest, therefore, to carry out some reductions using a cation which
was too large to give any salt effect due to intimate contact with the
anion, the tetra-ethylammonium cation. Solutions of metals in liquid
ammonia were made up as usual, using method B, and then anhydrous
tetra-ethylammonium chloride was added. When barium was used as the
reducing metal, the barium cations were precipitated as insoluble
barium chloride leaving only tetra-ethylammonium cations in solution.
The results of three reductions using barium and tetra-ethylammonium
chloride are shown in Table 6. The ratio of rearranged products,
ranged from 1.27 to 1.49 compared with values of 1.63 to
1.86 for reductions using barium metal alone. Also shown in the Table
are the results of three reductions using lithium and tetra-ethyl¬
ammonium chloride. The ratio of (54)/(55) in this case ranged from
1.47 to 2.00. It is thought that the values of the ratio of
rearranged products were slightly higher in this system because of the
slight solubility of lithium chloride in liquid ammonia (0.54 &•/
0\ bb
100 g.NH^, - 34 ) allowing a small salt effect to be exerted. However,
the values for the ratio using lithium and tetra-ethylannonium chloride
were still lower than those observed using lithium metal alone.
The value of the ratio obtained using sodium and tetra-
ethylammonium chloride (2.84) was in the same range as that obtained
using sodium alone (2.22 to 2.93) presumably because sodium chloride
bb
is fairly soluble in liquid ammonia^ (4.0 g./l00 g. NH^).
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It is surprising that a straight line was obtained when the ratio
of (5^)/(55) was plotted against the molarity of lithium used in the
reduction of ketone (26) with lithium. The competition between the
two possible routes of bond cleavage must be directly dependent upon
the concentration of lithium ions, since virtually the same curve was
obtained using lithium metal and lithium iodide as was obtained using
lithium metal alone.
This can, however, be rationalised by assuming that the anion
formed in the reduction process forms ion pairs with lithium and
examining the relative rates of cleavage of the different ion pairs
possible.
If it is assumed that the anionic species is formed by the
addition of two electrons before the bond cleavage step, two possible
ion-paired species, (60) and (6l), can be envisaged. There will be an
equilibrium between the ion-pair (60) and the ion-triplet (61), and
also between the ion-pair (60) and a free dianion (39). The
equilibrium constant between the free dianion and the ion-pair
(60) is
Me Me Me







Produot (34) nrises fx-om. cleavage of the cyclopropane
hond (route 1 cleavage) and product (55) from oloavage of the -
cyclopropane "bond (route 2 cleavage).
We assumed that when the dianion (59) undergoes rearrangement,
a fraction a follows route 1 cleavage and a fraction b follows route
2 rearrangement. Similarly, when the ion-pair (60) undergoes
rearrangement, fractions _c and d follow routes 1 and 2 cleavage
respectively, and when the ion-triplet (6l) rearranges, fractions e
and f follow routes 1 and 2 cleavage respectively. The relative rates
of rearrangement of (59), (60), and (6lJ are , k and k^ respectively.
It then follows that the observed ratio
3t *1 059)1 ,^ .t 2r(60)l , ^ - k3 [(61 )]
jfe *n D52)j + ^3 k-2 [(60)1 +^ k.3 Ca)3
Since (a+b) =1, (c+d) = 1, and (e+f) = 1, this ratio is equal to:
afc1 Q^)j + clc2L(60)J +ek.3Q6i)H
blc
1 L(l2)J + afc-2 C(60)D
-39-
Ki = l Li D ? and k2 = C(6°)I3 CLx J
C(60)3 T(6DJ
.v Ratio of (llt)/(^) =
ak1K1 L(i2)_l/[Li+J + ^2 '-(£2)j + ^3 C(6°)J LLi+3 / Ks
Q^j/llit] + dlc2 r(6g)j + ffe L(60)l Q.i*3 / K,
+ ck2K2 r Li+ 1 + efc f Li+ 3
2
Ul.^K2 + i2K2[;Li+j + L ti+ J 2
For |JLi_j large,
■n a.- dc0K_ + ek, i Li iRatio = 22 3 - -
die + flc _Li j
The straight line obtained by plotting the ratio of (54)/(55)
against molarity of lithium has been shown to have a gradient of
0.981 Lm , and zero intercept of 2.031. Therefore at extrapolated
zero concentration of lithium
o1s2K2 C
<32^2 d
c = O.67, and d = 0,33 ^ Since (c + d) =1 j
It is apparent from molecular models, that steric interaction between
the carbonyl group and a cis-substituent on the cyclopropane ring would
cause route 1 cleavage of the - C^ cyclopropane bond to be
-AO-
favoured. It is also obvious from the models that increasing the
effective bulk of the oxygen anion by ion-pair formation would also
cause route 1 cleavage of the 0^ - 0^) bond to be favoured. Hence
we would expect that the ratio ~ <" ~ <6
Assuming that e ^ 1, and f 0, since the steric effect of two
lithium atoms in the ion-triplet (61) should make route 2 cleavage
much less favourable than in the rearrangement of the ion-pair (60),
ek-+
the gradient, 0.981 ~
dk2K2
• k,
" —0.981 x 0.33
k 2K1
The equilibrium constant between the free carbonion (59), and the ion-
t'7 -l
pair (60), would be of the order of 1 x 10 , and so
k3 -5
—— ^ 3 x 10
k
2
The variation of product ratio with molarity of lithium used for
the reduction of ketone. (26) can be rationalised by the above theory.
However, no variation of product ratio with molarity was observed with
any other metal presumably because they have a lower tendency for ion-
pair formation due to their larger size.
No variation was observed using ketone (28). although the steric
effect of the cis-methyl group might be thought to be the same. This
is presumably due to the delicate balance between the steric and the
electronic factors influencing the preferred direction of ring-opening
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of ketones (26) and (28). In the transition state for cleavage of
ketone (28), there is a smaller electronic effect arising from the
competition between the stability of a primary and a secondary
carbanion intermediate, as opposed to a primary and a tertiary
carbanion intermediate from ketone (,26), making the steric effect
much more predominant.
As mentioned earlier, no variation in the ratio of (54)/(55)
with the number of moles of lithium used was observed using method
A for the reduction. The reason for this is thought to be that
using method A, where lithium metal was added to a solution of ketone
(26) in liquid ammonia, the reduction reaction occurred faster than
the dissolution of lithium metal. Thus ketone (26) was effectively
being reduced by a constant concentration of lithium, and so no
variation in the ratio of ring-opened products occurred.
The proposed reduction scheme for acetylcyclopropanes with metals
in liquid ammonia does not allow for alcohol formation. It is thought,
in fact, that alcohols are produced, not in the reduction itself, but
during the work-up procedure, A. typical reduction of ketone (26)
with lithium in liquid ammonia, using method" B, gave 45^ of the total
product as alcohols, In a control reduction, in which the work-up
was performed by adding, in one portion, a very large excess of solid
ammonium chloride, with vigorous stirring, the percentage of the total
product isolated as alcohols dropped to 8$. It is thought that the
normal work-up procedure, in which solid ammonium chloride is added
slowly to the reduction mixture, results in protonation of the product
enolates to give the product ketones in the presence of electrons,
which can further reduce the product ketones to-alcohols. The
-42-
percentage of the total product isolated as alcohols was much lower
in the control reduction because ammonium chloride was added so quickly
in the work-up procedure that protonation of the product enolates
occurred in the presence of a very much smaller concentration of
electrons,
Transition-State Conformations in the Reduction of Substituted
Acetylcyclopropanes with Metals in Liquid Ammonia
The importance of transition-state conformations in the reduction
of various conjugated acetylcyclopropanes with metals in liquid
T2t 2%~5%lW
ammonia is well established. In conjugated cyclopropyl ketones in
which the stereochemistry is fixed, ring-opening occurs by cleavage
of that cyclopropane bond which has the better orbital overlap with
the K-system of the carbonyl group. In acyclic conjugated
acetylcyclopropanes, such as ketones (26) and (28), in which steric
interactions between the ois-methyl group and the carbonyl group
prevent free rotation about the cyclopropane-carbonyl bond, the
conformation of the transition state is affected such that the
preferred product of rearrangement is that arising from the o\>\?o.rently iess
the.rmo4ynam! cat Vy stable carbanion intermediate. In acyclic
conjugated acetylcyclopropanes, such as ketone (29), in which free
rotation about the cyclopropane-carbonyl bond is possible, no
conformational preference is observed and all conformations are of
equal probability, so that the preferred product of rearrangement




Electron diffraction and nmr spectral measurements indicate
that unsubstituted acetylcyclopropane (58) exists predominantly as
the bisected cisoid conformer A in the ground state, whereas







The bisected conformers A and B represent the situation where
both bonds of the cyclopropane ring have equal overlap with the
carbonyl T\ cloud. However, because of the high bond-breaking
selectivity of the reductive process it is more important to consider
the gauche conformers C, D, E, and E shown below.
E E
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In the absence of any steric effect, i.e. R = H, ton^rrne^ C and e<|ual
proboU'dy, and fc and. f" have equal probability, and
thermodynamic considerations control the reductive process. However,
as has been discussed previously, when a cis-substituent is present,
i.e. R = Me, rototation of the carbonyl group is restricted and
conformers D and E would be expected to be of much higher energy than
conformers C and E, owing to the unfavourable interaction of the
cis-substituent and the carbonyl oxygen. The cisoid conformer C and
the transoid conformer E would be preferred, and ring cleavage would
occur preferentially at the C^ -C ^ bond in agreement with orbital
overlap considerations.
b3 bU-
It has been reported that ground-state conformations of
acetylcyclopropanes are predominantly cisoid and so it was of interest
to see if there was any conformational change between the ground-state
and the transition-state conformer populations during the reductive
process.
Is has been described in the Introduction, the reduction of an
acetylcyclopropane with lithium in liquid ammonia can be viewed as an
overall tvro-electron process giving a carbanion-enolate intermediate.
lb
The carbanion generated will be sufficiently basic (pKa > 50)
. \ 2b
to abstract a proton from ammonia (pKa «-«• 34), but the resulting
2.b
enolate ion is not basic enough (pKa ~ 16) to abstract a proton
from ammonia,, and will remain in the reduction mixture until a proton
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Stork and Hudrlik have reported that enolates produced in a
structure-specific manner can be isolated as the corresponding
trialkylsilylenol ethers, and that the structures of the trimethylsilyl
enol ethers isolated corresponded accurately to those of the enolates
in a given mixture . They found, for example, that when 2-methylcyclo-
hexanone (63) was treated with sodium hydride in refluxing glyme, the
two sodium enolates produced, (64) and (65). were isolated as the
corresponding trimethylsilyl enol ethers (66) and (67), in the ratio
of 27:73, by adding a 50% excess of triethylamine and trimethylchloro-
silane to the cooled reaction mixture.














It was also reported that trimethylsilyl enol ethers were rapidly
hydrolysed by water, but that the corresponding t-butyldimethylsilyl
cnol ethers, prepared similarly from t-butyldimethylchlorosilane and
the metal enolates, were hydrolytically much more stable.
The trapping of enolate anions, under both kinetic and
equilibrating conditions, as the corresponding enol acetates has
70,71
undergone extensive investigation. House and Trost, for example,
-4.6-
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found that the lithium enolate (68) could be rapidly converted
to the corresponding enol acetate (69) merely by quenching a solution






House and Trost have also demonstrated that lithium enolate s
are particularly resistant to isomeric equilibration during trapping
with acetic anhydride. Each of the stereo isomeric, acyclic enol
acetates (70) and (71) could be converted to the corresponding
lithium enolate (72) or (73). by treatment with methyl-lithium in
1,2-dimethoxyethane, and then converted back to the starting enol
acetate, by treatment with acetic anhydride, without loss of either
structural or stereochemical integrity,
n-Bu OAc M , . n-Bu 0~Li+ Aco0
\ / MeLi \ / £\=/ » \^V > (jo)
Me DME ^ Me
(20) (22)
MeLin-Bu Me ,, , . n-Bu Me AogO
» \=< _ , 4 (21)
OAc DME N 0~Li+
(21) (21)
In fact, solutions of each of the enolate anions (72) and (73)
could be heated to 73° for 40 minutes without detecting interconversion
-4-7-
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of the two anions. In general, House and Trost found that solutions
of lithium enolate anions in 1,2-dimethoxyethane did not interconvert
over periods of several hours at room temperature. These results
indicate that the activation energy for interconversion of lithium
11
enolate anions must be substantial ( >20 Kcal/mole).
It was originally hoped that the lithium enolates formed in the
reduction of acetylcyclopropanes with lithiim/liquid ammonia could
be trapped as the silyl enol ethers by adding hexamethyldisilazane
to the reduction mixture. However, the work of House and Trost
suggested that it would be possible to remove the ammonia from the
reduction mixture and replace it by 1,2 dimethoxyethane without
affecting the lithium enolates, and thus the enolates could be
trapped as the trimethylsilyl enol ethers, using trimethylchlorosilane
and triethylamino, or the hydrolytically more stable t-butyldimethyl-
silyl enol ethers, using t-butyldimethylchloro silane and triethylamine,
as described by Stork and HulrliL If no equilibration of the lithium
occurs, as suggested by the previous work, the geometry of the silyl
enol ethers thus formed will be related to the original conformations




Additional evidence that little interconversion of the lithium
enolates occurs was furnished by carrying out a lithium/liquid ammonia
reduction, using method B, on acetylcyclopropane in which all three
H atoms of the acetyl group had been replaced by deuterium,, The
distribution of deuterium in the starting acetylcyclopropane was
d£, 2.90$J and d^, 97. *10%, and in the product pentan-2-one was d^,
O.ltfo- dg, 6.{$; and d^, 92.£$j. In a control experiment, no loss of
deuterium was noted when a sample of deuterated 1-acetyl-2,2-
dimethylcyclopropane was stirred for 2 hours in anhydrous liquid
ammonia and then worked-up in the usual manner.
Unfortunately, owing to shortage of time, the trapping
experiments could not be completed. However, it is of interest to
bS
note that Dauben and Wolf have since reported the results of
similar experiments in which they trapped the intermediate enolate
anions as the corresponding enol acetates. Their results showed the
preference for a cisoid geometry in the transition state of the
lithium/liquid ammonia reduction of acetylcyclopropanes, and thus a
similarity between the transition-state and ground-state
conformational populations.
Radical Rearrangement of Substituted Acetylcyclopropanes
35
Neckers, Schaap and Hardy have shown that the radical
rearrangement of trans-2-meth.yleyelopropyl phenyl ketone (11), with
di-t-butyl peroxide in butan-2-ol, gives the two possible rearranged
products, butyl phenyl ketone (l_2) and isobutyl phenyl ketone (13).
in the ratio of 9:1. The rearrangement is predominantly in the
direction favouring the more stable radical intermediate (secondary
-49-





The results of similar radical rearrangements on 1-acety1-2,2-
dimethylcyclopropane (26), trans-1-acetyl-2-methylcyclopropane (29).
and ois-1 -acet.yl-2-methylc.vclopropane (28) are shovm in Tables 11,
12 and 13 in the Appendix.
Ketone (26) gave 5-methylhexan~2-one (j>4), and 4,4-dinethyl-






The rearranged products from ketones (28) and (29) were, as
expected, hexan-2-one (56), and 4-methylpentan-2-one (57) . in the















The rearrangement in all three cases is predominantly in the
direction favouring the more stable radical intermediate. Although
ketones (28) and (29) gave the same rearranged products, the ratio
of the rearranged products was not the same. A priori, the ratio of
the ring-opened products in both cases might be thought to be
influenced solely by the competition between the thermodynamic
stability of a secondary as opposed to a primary radical intermediate.
However, the results suggest that the cis-methyl group of ketone (28)
exerts a steric effect such that the radical intermediate leading to
product (^6) is favoured both by steric and thermodynamic considera¬
tions, and that no such steric effect is present in the rearrangement
of ketone(2g).
In ketone (26), the preferred direction of ring-opening is
influenced, not considering any possible steric effect of the cis-
methyl group, by the competition between the relative thermodynamic
stability of a tertiary as opposed to a primary radical intermediate.
It v/ould be expected, then, that the ratio of ring-opened products
would reflect this, and that cleavage of the
cyclopropane ring, rather than the C^-C^ bond, would be more
preferred in ketone (26), than ketones (28) and (29). This is, in
fact, found to be the case.
Rearrangements with di-t-butyl peroxide have also been carried
out on the alcohols corresponding to ketones (26). (28), and (29).
In these cases, butan-2-ol was not required as a source of hydrogen
atoms. The results of the rearrangements are shown in Tables 14, 15,
and 16.
-51-
"1 -(2,2-diraethylcyclopropyl) ethanol (74) gave 5-taethylhexan-
2-one (54), and 4,4-dimethylpentan-2-one (55)? as expected, in the
average ratio of 21:1,




trans-1-(2-Methylcyclopropyl) ethanol (75) gave hexan-2-one (56)
and 4-methylpentan-2-one (57). as expected^ in the average ratio of
3.0:1, and cis-1-(2-methylcyclopropyl) ethanol (76) gave the same two
products of rearrangement in the ratio of 8.3:1•
Me
.. DTBP 0
.CHOH Me v h
-
0 > xx\A +
140 , 14 hoars
(25) (55) (52)
Me
/ A ^ CHOH Me DTBP , 0 1 °
1400,14 hour s
U ,r A ll
(25) (55) (52)
The results for the ratio of rearranged products are higher for
the ketones than the corresponding alcohols. However, the same trends
are observed in the results for the rearrangement of the alcohols as
were discussed for the ketones.
The radical rearrangements, then, can be explained in terms of
the relative thermodynamic stability of the intermediates involved
-52-
and the lithiun/ammonia reductions can be explained also by the
relative thermodynamic stability of the intermediates involved
but with a major contribution from the steric effect of a cis-
methyl substituent when present.
Attempted Ring-Opening of Substituted Cyclopropanes via a Carbanion
Intermediate
Since the lithiun/ammonia redactions of acetylcyclopropanes has
been shown to proceed via a mechanism involving a carbanion
intermediate, it was of interest to synthesise compounds of the
general type (22)» in which it might be possible to generate a
carbanion on the carbon o<to the cyclopropane ring, and study the
preferred direction, if any, of ring-opening.
Since the substituted acetylcyclopropanes (26), (28) and (29)
had already been synthesised, the first attempts to synthesise a
starting material.
Wittig and Knauss,"^ and Levinb,^~ have described the reaction
of carbonyl compounds, e.g. (]8), with methoxymethylenetriphenylphosphoram
(79) to give the enol ether, 80, which can then be hyd_rolysad to an
aldehyde (81).
R. R^ = H, or Me
R2 = H, or Me
R, = H, or Me
R. = Me, or Ph
ketone of the general type (22) used acetylcyclopropane (58) as
-53-




R RoCHCH0 + CH,OH12 3
(81)
It can be seen that reaction of acetylcyclopropane (38) with
(79) will give, after hydrops,is } 2-cyclopropylpropionaldehyde




COMe + Fh3P = GHOCH^ —4 ) / \ CHO
CSS) (22) (82)
acid chloride, followed by treatment with dimethylcadmium, would give




Unfortunately, however, no volatile product was isolated from
the reaction of ~J2. with acetylcyclopropane (^8).
In a second attempted synthesis of a ketone of the general type
(22), 2-methyl-1-phenylpent-3-en-1-ol (8k) was reacted with the
organo-zinc compound from methylene iodide and zinc/ copper couple
using the procedure of Perraud and Arnaud. The expected
product, 2-(2-methylcycloproplyl)-1-phenylpropan-1-ol (83),
however, was not obtained.
Me
I
Me CH = CH CH CHOH Ph
-54-
Me
-*■ / CH CHOH Ph
Me
(84) (85)
The alcohol (84) was prepared by the reaction of the Crignard
magnesium compound (86) of 2- bromopent-3-ene (82), with
benzaldehyde (88). The benzaldehyde was added slowly,
Br MgBr







Me CH = CH CH CHOH Ph
(Stf
in a solution of ether, over 5 hours, to an excess of an ethereal
solution of the Crignard reagent (86), since in the first attempted
preparation of the alcohol (Sij.), in which excess benzaldehyde had
been added, a Crignard transfer reaction took place between the
intermediate magnesium complex of the product alcohol (84). and
unreacted benzaldehyde (88), and so the products obtained were
benzyl alcohol (89) and the corresponding ketone (90) of 2-
methyl-1-phenylpent-3-en-1-ol (84). Benzyl alcohol (89) was
Me
I
Ph CH2 OH Me CH = CH CH CO Ph
(82) (22)
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identified by comparison with an authentic sample, and the structure
of ketone (90) was assigned on the basis of its ir spectrum and its
mass spectrum. The ir spectrum showed a very strong absorption at
1684 cm characteristic of a conjugated carbonyl compound, and the
mass spectrum at lo?/ eV showed a parent ion at n/e = 174, and only
two other peaks at n/e = 105, and 69, as expected for ketone (90) »
The third attempted synthesis of a ketone of the general type
(77) met with success. Hex-4-yn-2-ol (91) was prepared by the
reaction of 1,2-epoxypropane (92) with the G-rignand compound (95)
of methylacetylene. Product (91) was
0
X \
CH2 CH Me + CH^C = C Mg Br MeC s C CH2CH0H Me
(22) (22) (21)
also prepared by the reaction of the sodium salt of methylacetylene
with 1,2-epoxypropane (j^2). Reduction of the acetylenic alcohol (91)
with sodium in liquid ammonia gave trans-hex-4-en-2-ol (94), from
which trans-1 -(2-methylcyolonropyl) propan-2-ol (95) was prepared
using the Simmons-Smith reaction as modified by Perraud and
19
Arnaud. Oxidation of (95) (6N chromic acid) gave the required trans-
1-(2-methylcyclopropyl) propan-2-one (96),
MeC 5 CCH CHOH Me Na/Lxq.NH^ ^ ^J^CHOH Me
^ •' Me
to) to) \Zof2^le








Catalytic reduction of hex-4-yn-2-ol (j91_) over a Lindlar's
15
, \
palladium catalyst gave cis-hex-4-en-2~oI (97). Since it proved
impossible, however, to rearrange ketone (96). as is described
below, the synthesis of the cis-isomer (98) from the cis-alcohol (97)
was not carried farther.
He CH CHOH Me
\_/ Me V///\^XH2COMe
(22) (22)
Treatment of trans-1-(2-methylcyclopropyl) propan-2-one (96).
with a 5% solution of sodium methoxide in methanol for 24 hours at
room temperature, and with a 1C% solution of sodium methoxide in
methanol for 18 hours at 80°, gave unchanged starting ketone (96).
Treatment of ketone (96) with half the molar amount of
sodamide in liquid ammonia for 8 hours, followed by the normal work¬
up procedure gave unchanged starting ketone (96).
Since under the enolising conditions used, no rearrangement of
ketone (96) occurred, it was thought that there might not be any
enolisation taking place in the d rection of the cyclopropane ring.
This was shown not to be the case by treating ketone (96) with a
10% solution of sodium methoxide in methanol-^ H_^j during 12 hours.
Calculation of the relative isotope abundance of the product from the
mass spectrum showed that the total deuterium exchange was 92.4% of
five replaceable hydrogens, and that 66.75% of the product contained
five deuterium atoms.
The failure of trans-1-(2-methycyclopropyl) propan-2-one (96)
to rearrange prompted a different approach to the generation of a
carbanion <x to a. cyclopropane ring.
—57—
It was thought that if the £-toluenesulphonylhydrazones (99) of
ketones (26), (28). (29). and (58) were reduced to the corresponding
hydrazines(100). treatment with base would produce an anion of the
general type (101), which might then rearrange.
•p Me
1 A i Ri a Me R,
Ic = NKHTS _____—^ V_Achminhts > p V—-A^CR
2 2
(22) (100) (101)
(R1 = H, or Me)
(R2 = H, or Me)
The jd-toluenesulphonylhydrazone (99. = Rg = Me) of 1-acetyl-
2,2-dimethylcyclopropane (26) was prepared from ketone (26) and jj-
/ \
toluenesulphonylhydrazide (102) in the usual manner and identified
by its ir, nmr, and mass spectrum. The attempted reductions of the
hydrazone to the corresponding hydrazine were carried out on the
£-toluenesulphonylhydrazone (103) of hexan-2-one (56) since the latter
is more readily available than ketone (26).
CH3
Me ( > SOgNHRHg + C^H^COCH^ ^ CjH C = NNHSOg Me
(102) (16) (101)
The attempted reduction of the hyclrazone (103) with lithium
cyanoborohydride, and sodium borohydride gave unchanged (103).
Reduction of (103) with lithium aluminium hydride gave an
unidentified product which did not have the required spectral
-58-
characteristics for the hydrazine. As n-hexane was identified (vpc)
in the ether from the reaction product, it is suggested that the
intermediate aluminium complex in the reduction was undergoing
rearrangement.
Unchanged (103) was obtained from the attempted catalytic
reduction of (105) with palladium on charcoal, Raney nickel,
platinum on charcoal, Adam1 s platinum catalyst in ethanol, in acetic
acid, in ethanol saturated with anhydrous hydrogen chloride, and
in acetic anhydride.
The final approach to the generation of a carbanion to
a cyclopropane ring was the treatment of N-1-(trans-2-methylcyclopropyl)
ethyl-jD-toluenesulphonamide (104) with hydroxylamine-O-sulphonic acid
79
(105), the Nickon-Sinz reaction.
Me





Bumgardner, Martin, and Freeman have described the reaction of
N-cyclopropylmethyl-£-toluene sulphonamide (106) with hydroxylamine-
O-sulphonic acid (105) and base to give an intermediate (107) which




-CH^ base/UHgO SO XH CHgN = NH
(122)
I
CH2 = CH CH2CH3
(108)
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reaction, using the conditions given by Bumgardner, Martin and
Freeman, between products (104) and (105), however, gave no volatile
products. The reaction was repeated using a reaction time twice as
long but again no product was observed. N-1 -(trans-2-methylcyclopropyl)
ethyl-^-toluenesulphonamide (104) was prepared from 2- (trans-2-
methylcyclopropyl) ethylamine (109) and ^-toluenesulphonyl chloride
8D
using the usual conditions. The amine (109) was prepared from
trans-1-acety1-2-methy1cyclopropane (29) by conversion to the oxime










aluminium hydride in ether as described by Roberts et al„ for the




It therefore proved impossible to carry out authentic
carbanion rearrangements and so it was not possible to compare the
rearrangement occurring in the reduction of acetylcyclopropanes with
lithium/liquid ammonia and that of authentic radical reactions with
the rearrangement occurring in authentic carbanion reactions. Since
the lack of ring-opening of cyclopropylmethyl carbanions stabilised
in some way, e.g. by a carbonyl or by a phenyl group, is well
documented, it is perhaps not surprising that it proved impossible
to observe rearrangement through a cyclopropylmethyl carbanion in
the present work.
Titration of Lithium/Liquid Ammonia Solutions with Various Ketones
A. series of titrations of lithiun/liquid ammonia solutions was
carried out with various ketones. When the solutions were titrated
with an acyclic enolisable ketone such as 5-methylhexan-2-one (54),
the mole ratio of lithium to (54) was, as expected, almost unity.
However, when solutions of lithium/liquid ammonia were titrated
with acetylcyclopropanes, the results were very surprising. Using
ketones (26), (29). and (58), the mole ratio of lithium to ketone was
very nearly unity and not, as expected, 2:1. One suggested reason
for this was that not all the ketone was reduced in the titration.
It is thought that unchanged starting material is obtained in the
reduction of acetylcyclopropanes with lithium in liquic/ammonia
because the rearranged lithium enolate, or the amide ion, NH~, produced
in the reduction (see p. 4-Lj.) can abstract a proton from starting
material to give an unreactive enolate ion which does not use up any
-61 —
lithium. Therefore, if the ratio
of rearranged product: starting ketone is unity and the reduction
process requires two electrons, the overall mole ratio of lithium
used: ketone will he unity. However^ in those titrations in which
the ratio of rearranged product/starting ketone was measured, the
ratio varied from 0.2+4 to 4, while the inole ratio of lithiun/ketone
was always virtually unity. The same results were obtained when an
excess of lithium was used and the excess lithium was back-titrated
with either an enolisable or a non-enolisable ketone. In control
titrations, the non-enolisable ketone 2,2,6,6-tetramethylcyclohexanone
(112) gave a mole ratio of lithium: (112) of unity, as expected, but
the non-enolisable ketone 2,2,4,4-tetramethylpentan-3-one (113) gave
ai mole ratio of lithium: (113) of almost 3:1» and so could not be
used in the baclc-titrations.
The surprising nature of the results of the titrations of
solutions of lithium in liquid ammonia with the acetylcyclopropanes
(26).(29). and (58) cannot be adequately explained at present,
Polarography in Liquid Ammonia
The use of the dropping mercury electrode in liquid ammonia is
S3
well documented. Murtazaev has measured electrocapillary curves of
% "
salts xn liquid ammonia and Ple.skov and Monosson have measured the
potential of the electrocapillary maximum in a 0.1N solution of
-62—
ammonium nitrate in liquid ammonia. In the determination of the
standard electrode potentials of the alkali metals in liquid ammonia,
dropping amalgam electrodes were used by Pleskov, and Pleskov and
Monosson.
The polarographic haIf-wave potentials, and diffusion currents,
<§7
of alkali metal ions, and alkaline earth metal ions, in liquid
ammonia have been measured. Laitinen and Shoemaker have studied
the polarography of thallium (i), copper (il), and ammonium ions, and
of molecular oxygen, in liquid ammonia. The behaviour of the mercury
% 91
pool anode and of the electron electrode has also been
systematically investigated.
Since it was known that the dropping mercury electrode would
function in liquid ammonia, a polarographic study of the reduction of
substituted acetylcyclopropanes in liquid ammonia was undertaken in
the hope that more information on the reduction of this type of
compound with solutions of lithium in liquid ammonia could be obtained.
The apparatus and the experimental procedure used are described
fully in the Experimental section. The results obtained are presented
below.
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Laitinen and Shoemaker have found that the potential of the
mercury pool anode is independent of the concentration of nitrate,
chloride, iodide, or ammonium ions in solution, and that the
concentration of mercuric ion is the only potential determining factor.
They also found that the small amount of mercuric ion formed at the
anode during the recording of three polarograms was sufficient to
-De¬
stabilise the anode potential so that the mercury pool anode could be
used as the reference electrode with a potential 0.32 v. more
positive than the standard lead - 0.1N lead nitrate electrode.
For this reason, the mercury pool anode was used as the reference
electrode in the present work.
Typical polarograms are shown in Figures 1,2, and 3 below.
Figure 1Polarograms in liquid ammonias curve I, sodium iodide
(2.13 X 10~^M) in saturated tetrabutylammonium iodide solution; curve II,
hexan-2-one (3.6 X 10~^ M) in saturated tetrabutylammonium iodide
solution; curve III, saturated tetrabutylammonium iodide solution
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Figure 2.- Polarograms in saturated solutions of tetrabutylammonium
iodide in liquid ammonias curve I, 1-acetyl-2,2-dimethylcyclopropane
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Figure 3.- Eolarograms in saturated solutions of tetrabutylaramonium
iodide in liquid ammonia: curve I, trans-1 -acetyl-2-methvlcyclopropane
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Laitinen and Nyman have obtained detailed polarograms of sodium
iodide in saturated tetrabutylammonium iodide. They found the half-
wave potential for the reduction of the sodium ion in a solution of
liquid ammonia to be —1.31 volts with reference to the standard
lead/ 0.1N lead nitrate electrode. The calculated half-wave potential
—OQ—
for this reduction, with reference to the same standard electrode, was:
-1.30 volts. In the present work, the observed value in this reduction,
with reference to the standard lead / Q<>1M lead nitrate electrode, was
-1.33 volts ( -1.65 volts with reference to the mercury pool electrode).
Laitinen and Nyman also compared the observed diffusion current of
sodium ions, as measured in liquid ammonia at -36°, with the theoretical
92
current calculated from the Ilkovic equation
JL .2- 1
i^ - 605 n C D2 m3 t^ which relates the diffusion
current i^ (y- A.) of an ion to n, the number of faradays of electricity
required per mole of electrode reaction, to its concentration G (m.moles
—1 2 —1litre" ), to its ionic diffusion coefficient D (cm. secT ), and to the
—1
capillary characteristics m (mg.secT ) and t (sec.). The ionic
93
diffusion coefficient D was evaluated using the expression
D = R TA0/ zF^, where. R is 8.317 volt-coulombs-
"1 odegree" , T is the absolute temperature, A is the equivalent
—1 2 —1
conductance of the ion at infinite dilution (ohm -cm.-equiv. ), z is
the charge of the ion, and F is 96,500 coulombs. The remaining terms
in the Ilkovic equation are experimental quantities which are easily
obtained.
The table below shows the data necessary for,, and the results of,
such calculations. The value taken for the equivalent conductance at
87
infinite, dilution was that used by Laitinen and Nyman. For comparison,
the table, also shows the calculated and observed diffusion currents
obtained by Laitinen and Nyman. The capillary characteristics, m, and
t, were measured, in the present work, at a potential of -1.80 volts
with reference to the mercury pool electrode, the potential at which
the diffusion current was measured.
-67-
























135 2.86 0.919 0.2.13 0.633 0.688 9
135 Z. 86 1.256 1.04- A-23 A* 8A 1A
As can be seen from the table above, better agreement with the
Ilkovic equation was obtained in the present work than in the original
work by Laitinen and Nyman. This is presumably due to more complete
supression of the migration current being obtained in the present
work, in which the molar ratio, of indifferent electrolyte to reducible
ion was approximately 27s1, as opposed to approximately 6:1 in the
original work.
The table below shows the half-wave potentials of various .
cyclopropyl ketones, and hexan-2-one, measured in liquid ammonia at
-35.5°, with reference to the mercury pool electrode. The values of
given with reference to the standard lead / 0.1N lead nitrate
a
electrode were obtained by assuming that the potential of the mercui^-
pool electrode was 0.32 volts more positive than the lead electrode.
It was shown that the observed waves did not arise from impurities
in the supporting electrolyte by recording a>. polarogram of saturated
tetrabutylammonium iodide in liquid ammonia (see Fig.t). No impurity
waves were observed.
—OO'
Ei of Various Ketones in Liquid Ammonia, at -35.5, versus Mercury Pool
a
Electrode; and versus Lead / 0.1N Lead Nitrate Electrode.
Ei (volts)
a
Ketone versus Hg pool versus Pb/0.1.N PbtNO^)^
Hexan-2-one -1.65 —1•33
Acetylcyclopropane -1.80 -1.4-0
cis_-1 -A.cetyl-2-methylcyclopropane -1.79 -1 «.47
trans-1-Acetyl-2-methylcyclopropane -1.76 -1.44
1-Acetyl-2,2-dimethylcyclopropane -1.74 -1.4''
The table below gives a comparison of the diffusion currents obtained,
in liquid ammonia, at -35.5° with the above ketones.






cis-1 -Acetyl-2-nothylcyclopropane 0.22. 0.34
trans-1-Acetyl-2-methylcyclopropane 0.22 0.27
1-Acetyl-2,2-dimethylcyclopropane 0.27 0.48
No information about the reduction of ketones in liquid ammonia
could be found in the literature. However, the reduction of carbonyl
94
compounds in aqueous media appears to give a. one-electron wave.
Therefore, if it is assumed that hexan-2-one gives a. one-electron wave
in liquid ammonia, and that the cyclopropyl ketones (26) (28), (29),
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and (58) have a diffusion coefficient similar to that of hexan-2-one,
the polarographic wave observed with each cyclopropyl ketone corresponds
to a one-electron reduction.
This unfortunately does not help to explain the mechanism of the
reduction of conjugated cyclopropyl ketones in liquid ammonia since, if
addition of a second electron to the reduced species occurred at a
potential more negative than the potential at which electron dissolution
from the mercury drop occurred, approximately -1.90 volts with reference
/ 91
to the standard lead / 0.1N lead nitrate electrode , no wave for that
second reduction step would be observed. Consideration must also be
given to the possibility that the reduction wave given by hexan-2-one
in liquid ammonia does not correspond to a one-electron addition, but
to a two-electron addition.
A controlled potential electrolysis of acetylcyclopropane in
liquid ammonia was therefore undertaken to try and obtain information
about the type of species involved in the polarographic reduction of
carbonyl compounds, and in particular cyclopropylcarbonyl compounds,
in liquid ammonia. If the observed polarographic waves given by the
ketones examined correspond to addition of only one electron, one
would expect to observe only pinacol formation in the controlled
potential electrolysis, but, if the observed waves correspond to addition
of two electrons, one might expect rearrangement of the acetylcyclopropane
to occur during the electrolysis.
The apparatus and the experimental procedure used are- described
in the Experimental section. Anhydrous calcium nitrate was used as the
IS
supporting electrolyte since it was the most soluble ( '7kg, / toog U.\°)
reasonably inert salt available at the time. Unfortunately, Ej_ for the
polarographic wave observed with acetylcyclopropane was, -1.80 volts,
relative to the mercury pool electrode, and for calcium ion was -1.96
88
volts, relative to the mercury pool electrode. This meant that only
a very small range of applied potential was available within which to
carry out the electrolysis.
Three separate electrolysis experiments gave, (1), acetylcyclopropane
(53) and the product from rearrangement, pentan-2-one, in tha ratio of
19s1> when the electrolysis was carried out at -1.74 volts, relative to
the mercury pool electrode, (2), an unknown polymeric material when
the electrolysis was carried out at -1.80 volts, relative to the
mercury pool electrode, and (3), 1% recovery of a mixture of
acetylcyclopropane and rearranged pentan-2-one in the ratio of
1.5s1, when the electrolysis was carried out at -1.69 volts, relative
to the mercury pool electrode.
Because it proved impossible to keep the applied potential
within tho narrow limits required, reduction of the supporting
electrolyte occurred during the electrolysis, and it is thought that
this is the explanation for the ambiguity of the results obtained.
However, the technique is sufficiently promising to justify repitition
when a more inert supporting electrolyte is found.
KXMRIhn TAL
The inf'ared spectra were recorded on Unicaia SP200 and Perkin-
E liner 237 Spectrophotometers, and the suffixes to the infrared hands
quoted are abbreviated weak (w), medium (m), Strong (s), very strong
(vs), and broad absorption (b).
A
H Nuclear magnetic resonance spectra were run on a Perlcin-
E liner R..10 spectrometer (60 MHz) at 33°, or a Varian Associates H.A.
100 spectrometer (100 MHz) at 28°. Samples were run as solutions
(5-10%) in carbon tetrachloride, deuterochloroform, or benzene,
with tetramethylsilana as the internal reference, or as solutions
(5-10%) with benzene as the solvent and the internal reference,
using the S value of 7-31 for the benzene absorption to convert the
measurements to the & scale. In the tabulation of nrar data the
following abbreviations are used : singlet (s), doublet (d), doublet
of' doublets (& of d), triplet (t), quartet (q), raid multiplet (m).
Analysis figures were obtained using a Perkin-Elmer 240 elemental
analyser.
Mass spectra were run on an A.m.I. L.S.902 double focusing
instrument.
Welting points are uncorrected.
Analytical scale vpc was carried out on a Perkin-Elmer 111
instrument, equipped with a flame ionisatiou detector using a 50m.
stainless steel capillary column, coated with either Apiezon L or
Carbowax.
Integration of peaks on vpc traces was achieved using a Gas
Chromatography Digital Integrator Type IE. 165.
Preparative scale vpc was performed on a hilkens Instrument and
Research Inc. Aero - raph Autoprep instrument, model A-700, using either
10°/o A.gBI:4-20°/o Carbowax 201 on Chrouosorb P(A5-o0M) (10ft. x 0.375
in.), 15°/o Carbowax 20M 0.1. Chromosorb S(l0ft. x 0.375^-), °T 3,0°/o_ SE-
30 on Chromosorb V(20ft. x o.375in.) as the column packing. The
carrier gas was helium (200 ml./min.), and the injector, detector, and
collector temperatures were 120°, 150°, and 120° respectively.
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Preparation of 1-Ace tyl-2,2-dime thylcyclopropane,- Dried, recrystallisea
/ " v'b
trime thy loxosuifohiurn iodide (.39.Og., 0.175 moles) was stirred into dry
dimethyl sulfoxide (130ml.) A nitrogen a tine sphere was maintained as
sodium hydride (4.2g., 0.175 moles) was added slowly, the temperature
being kept below 40° with an ice-bath. Lesiiyl oxide (l0.7g-> 0.170
moles) was added slowly over a period of 15 minutes, and again the
ice-bath was used to moderate the temperature of the mixture.
Stirring was continued for 3 hours and, after a further 12 hours,
the mixture was poured onto ice (l50g.). Pentane (50ml.) was added,
and, after separation, the aqueous portions were extracted with pentane
(2x100ml.). The combined pentane extracts were washed with water
(3x100ml.), and brine (100ml.). ' The extract ^as finally dried
(iigSO^.) and the pentane was distilled off" at atmospheric pressure.
Vacuum distillation of the residue gave l-aceiyl-2,2-
dimethylcyclopropane (8.37g., 44°/o yield; b.p. 55-5o°/45nna.) which
contained less than 1o/o impurity (vpc; Apiezon L, 85°, and Carbowax,
60°).
The spectral data (ir and nmr) were in agreement with literature
4_2 . r
values : ir (film), 1690 cm-1 (vs); mar (C0l4),d 0.71 (t. of d, 1 jl,J=
Zs-.O and 8.0Kz,H/j) trans to acetyl), 1.11 (m,1H,H^j) pis to acetyl),
1.05 (s,3H, methyl cis to acetyl), 1.17 (s,3u, methyl trans to acetyl),
1.78 (d of d,1M, J=5.5 and 8.0 )), and 2.14 (s,3Ti, acetyl). The
mass spectrum was as expected : p=112, and at low eV the only peaks
in the spectrum were at ni/s=112 (CyT-^O), 97 (CgHqO), 69 (C5H9),
and 43 (C2H3O). The molecular formulae of the ions in the spectrum
were obtained by accurate mass measurement.
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Preparation of trans-Psnt-3-en-2-ono.- A solution of triphe ry lphos-
phine (lO.Og.) and freshly distilled chloroacetone (3.25g.) in
chloroform (30nl.) was refluxed for 45 minutes. The solution was
filtered into anhydrous ether (300ml.), and the precipitated
acetonyltripherylphosphonium chloride was filtered off, and dried
in vacuo. The yield was 11.0g.j a.p.231-236°, (lit., 11.2g.,m.p.
234-237°).
Acetoryltriphenylphosphonium chloride (H.Og.) was shaken with
an excess of 10'% aqueous sodium carbonate for 8 hours, and the
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aoetylmetbylenetripheiylphosphorane forced was filtered off and dried.
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The yield was 10.2g.; ra.p. 198-201°, (lit., 199-202°).
Acety lmethylenetriphsnylphosphorane (l0.2g.) in methylene chloride
(30ml.) was treated with freshly distilled acotaldehyde (2.8g.) in
methylene culoride (50ml.). After rofluxing for 6 hours and then
standing at 20° for 6 hours, the solvent was distilled off through a
50 cm. column packed with Fenske helices, and the residue was diluted
with pentane (30nl.). The precipitated, crystalline triphenylphosphine
oxide was filtered off and washed, until colourless, with pentane.
The organic filtrates were combined and the solvent was distilled
through the packed column.
Distillation of the residue through a 25 cm. Vigreux column
yielded trans-pent-3-en-2-one (2.10g.; b.p. 120-122°, li_t., h.p. 124°)
which contained loss than 0.5°/o impurity (vpc; Apiezon L,55°)•
The spectral data confirmed the assigned structure : ir (film),
1672 (vs), 1630 (s), and 973 cm"1 (s), nmr (CC14), S 1.96 (d of d, 3H,
J=1.3 and 6.5 Hz, CHrC=C), 2.08 (s,3H, acetyl), 6.00 (m,1H, consistingo
of a doublet, J=15-9 Hz, each peak of which was split into a quarmet
J=1.3Hz, H^\), and 6.90 (m,1xl, consisting of a doublet, J= 15• 9 *z,
each peak of which was spirt into a quartet J=6.5Bz, *1(4) )•
The preparation when repeated using acetylmethylenetripherylphos-
phorane (215.6g) and acetaldehyde (58g.) gave trans-pent-3-en-2-one
(46.2g.).
Attempted _Isomerisation of trans-Pent-3-en-2-one to cis-Pent-3-en-2-
one- Roberts et al^reported that if iodine was added to refluxing
trans-pent-3-en-2-one, an equilibrium mixture of the cis-and trans-
isoners was formed and, since tho cis- isomer had a lower b.p.
(98-101°) than the trans- isomer (120-122°), it was possible to distil
out the cis- isomer using a very efficient distillation apparatus.
trans-Pent-3-en-2-one (20g.) to which a crystal of iodine had
been added was heated under fast total reflux on a spinning-band
distillation apparatus. Total reflux was continued for 4 hr. to
allow a build-up of the cis- isomer at the head of the column. After
this time, the temperature at the head of the column was 99°.
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Distillation of product was then commenced, using a very high reflux/
take-off ratio, so that the equilibrium on the column was disturbed as
little as possible. This gave distillate (l5g.), which was very wet,
(3g. water), and a black and tarry residue (5g»).
Vpc (Apiezon L, 55°, and Carbowax, 60°) of the wet distillate,
and ir (film) of the dried distillate, showed it to be trans-pent-5-en-
2-one.
The attempted equilibration was repeated. The water formed was
removed by distillation and fresh iodine was added. After total
reflux for 8 hr. the temperature at the distillation head was 118°,
and very slow distillation gave only trans-isomer. (vpc,ir). No
product with b.p. 98-101° was obtained.
98
Preparation of trans-Pent-3-en-2-ol.- Dry, freshly distilled,
crotonaldehyde (71g.) in anhydrous ether (150ml.) was added dropwise
to an icc-cold, vigorously stirred solution of methylmagnesium chloride
in anhydrous ether (850ial.), prepared from magnesium (30.5g.) and
methyl chloride. The reaction mixture was allowed to stand at room,
temperature for 1 hr., and was then decomposed cautiously with saturated,
aqueous ammonium chloride solution (2l8ral.) forming a dense off-white
precipitate. After the mixture had stood for 1 hr., the ether solution
was decanted off and the precipitate was washed by decantation with
ether (4x150ml.). The combined ether solutions were dried (HgSO^),
and the solvent was removed by distillation.
Distillation of the residue through a 30 cm. Yigreux column gave
//-b
trans-pent-3-en-2-ol (75g.,86°/o; b.p. 119-121°, lit 121.5°) which
contained less than 0.5°/o impurity (vpc; Apiezon L, 55°, and Garbowax,
60°). The spectral data confirmed the structure of "she product: ir
(film), 3360 (b,s), 1675 (w), and 970 cm"'' (s), identical with the
ij fc,
literature spectrum; nmr (001^), c> 1.14- (d,3H J=6.5:-iz, methyl <k to C ..0H),
1.64- (d of d,3H, J=1.0 and 5.0Kz, CH^CsC), 4-.00 (s,1H, which disappeared
on shaking with D2O,OH), 4.10 (n, 111,11(2) )> an(i 5.46 (m,2H,H(^ and ).
Preparation of irans-1-(2-jfetlly1cyclo-oropy1) ethanol.- The Simmons-
H-H4- " """ ~~ tQ
Smith procedure as modified by Perraud and Arnaud Iras employed using
trans-pent-3-en-2-ol.
A mixture of trans-pent-3-eji-2-ol (21.5g.,0.25 mole), anhydrous
ether (200ml.) and Zn/Cu couple (32.5g.,0.50 moles) under nitrogen
was warmed to reflux with vigorous stirring, and methylene iodide
(I34g.,0.50 moles) was added slowly. The reaction mixture was
refluxed for 4 houi-s, and then hydrolysed with saturated, aqueous
ammonium chloride solution. The solid residue was broken up,
filtered off, and then washed with ether (lx50ml.). The combined
filtrates were dried (LgSO^), and distilled to give product (l6.0g.,
6A°/o; b.p. 30-82°/80mm.) which v/as shown by vpc (Oarbowax, 65°) to
contain 6°/o of unchangod trans-pent-3-en-2-ol.
Preparative vpc (Carbowax, 100°) of the crude oyclopropylcarbinol
gave material which contained loss than 0.5°/o impurity (Vpc; Apiezou
L, 65°). The spectral data of this material agreed with the
published values.^
Preparation of trans-1-Acetyl-2-methylcyclopropane.- An ice-cold
solution of trans-1-(2-methylcyclopropyl)-ethanol (0.50g.,0.005 moles)
in ether (1 Oral.) was treated dropwise with 6lT chromic acid (2.00ml.).
After stirring for 2 hr., vpc examination (Carbowax, 60°) indicated
that some unchanged carbinol remained. After the addition of a
further 2.00 ml. of 6ll chromic acid, the reaction mixture was stirred
for a further 2 hr. whon vpc examination (Carbowax 60°) showed the
complete oxidation of all starting carbinol. The aqueous layer was .
separated off and washed with ether (2x10ml.). The combined ether
extracts were washed with water (5iAL.), saturated, aqueous sodium
bicarbonate solution (5ml.), and water (5ml.), and then dried
(ligSO^). Evaporation of the ether gave the crude product (0,45g.)
ehich contained 6°/o of an impurity shown to be trans-pont-3-en-2-one
by comparative vpc (Apiezon L, 55°> and Carbowax, C0°).
Preparative vpc (Carbowax, 100°) gave trans-1-acetyl-2-methyl¬
cyclopropane which was shown to contain less than 0.5°/o impurity by
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analytical vpc (Apiezon L, 55°), and which had spectral properties
H-7.
almost identical to the published values : ir (film), 1690 (vs), and
1322 cm~^ (m); nrar (001^), S 0.60 (m. 111,11(3) trans to acetyl), 1.10-
1.30 (m,2ii,H^2) and 3(3) cis to acetyl), 1.13 (d,3n, J=5.0 Hz, methyl
at C(2))> 1.53 (in, 111, - - (1)) and 2.13 (s,3H, acetyl). The mass
spectrum was as expected: p=98, and at low eV the only peaks in the
spectrum wore at m/e=98 (C^II^qO), 83 (C5JI5O), 55 (C^Hy), and 43 (C2H3O),
the molecular formulae of the ions being determined by accurate
mass measurement.
The oxidation was repeated on a larger scale, using 15.0g. of
trans-1 -(2-metliylcyclopropyl) ethanol and 120 ml. of 6lT chromic acid,
to give, after preparative vpc (Carbowax, 100°), trans-1-acety1-2-
methylcyc]opropame (l2.1g.) which contained less than 1°/o impurity
(vpc; Apiezon L, 55°).
SS
Preparation of Pent-3-yn-2-ol.- The procedure of Raphael for the
preparation of o6ace tylenio carbir. ols was followed.
Lethylacetylene (80g*, 2 moles) was bubbled into a stirred
solution of ethylmagnesium bromide (2 moles) in anhydrous ether
(l600ml.), in a flask fitted with a dry-ice condenser. After the
addition was complete, stirring was continued for 5 hr., during which
time the propyrylmagnesium bromide separated out as a dark oil,
heavier than ether. freshly distilled acetaldehyde (38g., 2 moles)
in anhydrous ether (2000ml.) was added slowly and the resulting
solution was stirred vigorously for a further 12 hr. The magnesium
salt was decomposed with saturated aqueous ammonium chloride solution
and the product was extracted with ether (2x1000 ml.).
The combined extracts were then dried (LgS0> ), and distilled to
give pent-3-yn-2-ol (l02g., b.p. 73°/50mm., lit., 82°/80mm.) which
was shown by vpc (Apiezon L, 650) to contain less than 0.5°/o impurity:
ir (film), 3330 (b,vs),and 2260 cm-"' (w); mar (001^), & 1.34 (d,3H,J=
6.7 Hz, methyl °Cto C1I0H), 1.79 (d,3H, J=2.2Hz, CII3CSC), 3.92 (s,13,
which disappeared on shaking with D20,0Il), and 4.38 (m,1JI, quartet of
quartets superimposed to give 13 lines, J=2.2 and 6.7Hz C=CCIt).
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Preparation of ois-Pent-3-.dn-2-ol,- Lindlar's palladium catalyst
was prepared as described in Organic Syntheses.
Pent-3-yn-2-ol (0.84g.,0.01 raoles) was added to the catalyst
(0.10g.) which had been prehydrogenated in pentane/ether (1:1; 40ml.)
and to which had been added freshly distilled quinoline (1.0ml.).
No uptake of hydrogen was observed.
'".lien the procedure was repeated on fresh material, in the absense
of quinoline, a very slow uptake of hydrogen was observed. A trial _
hydrogenation of phenyl acetylene, as described in Organic Syntheses,
in the presence of quinoline, gave a satisfactory rate of hydrogenation.
Afresh sample of Lindlar's palladium catalyst was prepared
using 60°/o of the stated amount of lead acetate as the catalyst
inhibitor. This was found to give satisfactory results on pent-3-
yn-2-ol when used without quinoline.
Pent-3-yn-2-ol (0.84g.,0.01 moles) was hydrogenated over
prehydrogenated, modified catalyst (0.10g.) in penta„ne/ether (1:1;
40ml.). Uptake of hydrogen ceased after 25 min. when the theoretical
volume had been absorbed. The catalyst was removed by filtration
through a Celite pad and the solvent was distilled off at atmospheric
pressure.
Vpc (Apiezon L, 65°) of the product (0.82g.) showed only one
peak, of shorter retention time than the starting material. Tho ir
spectrum of this material, which was quite different from that of
pent-3-yn~2-ol and trans-pent-3-en-2-ol, was identical to the
4-fc?
published spectrum of cis-pent-3-en-2-ol: ir (film), 3300 (b,s,) 1658
(w), and 733 cm-1 (m); nrar (CC1^), £ 1.15 (d,3-1, J=6.2 Hz, methyl oC
to CHOH), 1.64 (d of d,3h J=0.9 and 4.0 Hz, C^C=C), 2.88 (s,1II,
which disappeared on shaking with DpOjOH), 4.54 (m,1H,Ii^^), and 5«37
(m,2iI,H(3) and 11(4)).
The hydrogenation was repeated 011 a larger scale using pent-3-yn-
2-ol (84g., 1.0 mole) ana catalyst (lO.Og.) in pentane/ether (1:1;
1000ml.). Uptake of 1 mole of hydrogen required 5 hours. Isolation
of the product gave puro cis-pent-3-en-2-ol (76.0g.; b.p. 69°/50 mm.,
44? ■ O j \
lit. b.p. bS-5 JlS
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Preparation of cis-1 -(2-Iiu thylcyclopropyl) ethanol.^- The Simmons-
Smith procedure, as modified "by Perraud and Arnaud, did not give the
desired product with_cis-pent-3-en-2-ol. Instead, three different
experiments gave (1) recovered starting material, (2), a crude
product which contained more than twenty components of roughly equal
amounts (vpc), none of which had a retention time of the order
expected for the product, and (3) a mixture of three unknown iodo-
co impounds.
The Simiaons-Smith procedure as described "by Dauben and lie re z in'
was found to give the desired product if a very short reaction time .
and a large volume of solvent was used.
methylene iodide (5.38g., 0.02 moles) and iodine (0.01g.) were
added to Zn/Cu couple (l.63g., 0.025 moles) in anhydrous ether
(100ml.) and the mixture was refluxed for 30 minutes under nitrogen.
Heating was discontinued and cis-pent-3-en-2-ol (0.86g., 0.01 mole)
in anhydrous ether (10ml.) was added during 20 minutes. The mixture
was refluxed, under nitrogen, for 15 minutes with vigorous stirring
followed by cautious addition of an excess of saturated, aqueous
ammonium chloride solution. The residue was broken up, filtered
off, and washed with ether (2x50ml.). The combined ethereal
filtrates were washed with water (25ml.), dilute aqueous hydrocliloric
acid (5°/o; 2x25ml.), water (25ml.), and saturated, aqueous sodium
bicarbonate solution (25ml.), and then dried (i.gSO. ).
Vpc (ilpiezon L, 75°) of the crude reaction product showed one
poak ( 10°/o) in the region expected for the product with about
twenty other peaks of much longer retention tine.
Distillation of the crude product (l.50g.), after the solvent
had been removed, gave the following fractions,
I, b.p. 130 -140 0 (0.21 g.),
II, b.p. 140 -142° (0.39g.),
and III, b.p. 120°/ 20mm. (0.34g.).
Vpc (ipiuzon L, 75°) of the Tactions showed predominantly one
peak (80°/o in I, 85°/° I-j an(3- 85°/° Hi), with a number of
impurities with much longer retention time. The nmr spectral data
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of the purest fraction (ll), while showing several impurity peaks, was
identical to the published spectrum for cis-1-(2-aethylcyclopropyl)
ethanol. ^
The preparation was repeated on a larger scale (20x) anu the
crude product was purified, by preparative vpc (Carbowax, 100°),
giving cijs-1 -(2-nethylcyclopropyl) ethanol (8.6g.,43°/o) which was
shown by analytical vpc (Apiezon L, 75°, Carbowax, 80°) to be 98°/o
pure: ir (filn), 3350 (b,vs), and 3060 cur'' (w); mx (001^), & 0.07
(m, 1 ., cyclopropyl H), 0.60-0.85 cyclopropyl H1 s), 1.03 (d,3H,
J=3.0Ilz, methyl at C(p))» 1.22 (d,3H, J=6.0Hz, methyl <A to CHOIi),
3.27 (n,1H,H(2))> and 3.42 (s,1H, which disappeared on shaking with
D20,0T); nnr (CgHg), 0.22 (m,1H, cyclopropyl II), 0.74-0.96 (n,3H,
cyclopropyl H's), 1.12 (d,3H, J=3.0IIz,methyl at 0(2))> 1.49 (d, 3H,
J=6.0Hz,methyl to CIIOH), 3.26 (1K, which was partially resolved
into a doublet, J=3.2Hz, and.which disappeared on shaking with D2O,
OH), and 3-50 (n, 1H,H(2)).
Preparation of cis-1 -Ace tyl-2-ne thyIcyolopropane. - cis-1 - (2-He thyIcy-
clopropyl) ethanol (5«0g., 0.05nole) in ether (25ml.) was oxidised
with 6h chronic acid (20al.). The work-up procedure employed in
the preparation of trans-1-ace tyl-2-methyIcyclopropane, p. ~!b ,
gave crude material (6.3g.) which was purified by preparative vpc
(Carbowax, 100°) to give cis-1-acetyl-2-uethylcyclopropane (4.2g.,
86°/o), containing less than 1°/o impurity (vpc; Apiezon L, 70°,
Car'b owax, 65°).
The ir and nur spectral data for this compound were as expected
Lp~
and agreed with published values : ir (film), 1690 cm (^s); nnr
CC14), & 0.96 (li,2K,TI(2) and 11(3) tran3 to acetyl), 1.01 (d,3K, J=
5.8Hz, methyl at C(2)), 1.30 (n,1H,H(3) cis to acetyl), 1.98 (m.l,!!^)),
and 2.15 (s,3H, acetyl); nnr (CgH6), °«®5 (n, 1H,H(2)), 1.00(:i,1H,
H(3) trans to acetyl group), 1.23 (d,3H, J=1.8Hz, methyl at 0(2)),
1.46 (n,1H,H(3) cis to acetyl), 1.72 (m,1H,K(1) <* to acetyl group),
and 2.08 (s,3H, acetyl).
The mass spectrum showed a cracking pattern identical to that
of trans-1-acetyl-2-me thyIcyclopropane : p-98, and at low eV the
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only peaks in the spectrum were at n/e=98 (C^I-jqO) , 33 (O5H7O), 55
(C4H7), and 43 (C2II3O). The fornulae of the ions were obtained from
accurate miss measurement.
Preparation of 4-Ethylhex-3-en-2-one. (a) By the P'ittig Reaction -
The method first tried was that used in the preparation of trans-pent-
3-en-2-one, p. 17,
A solution of acetylmethylenetripnenylphosphcrane (lOOg.) and
pentan-3-one (34.4g., 0.40 moles) in methylene chloride (450ml.)
was refluxed for 12 hr. under nitrogen. The solvent was distilled
off anu the residue diluted with pentane (250nl.) to give a white
chrystalline precipitate which was filtered off. The organic
filtrate was concentrated and distilled to give a product (33.0g.;
b.p„ 99-102°) identified as pentan-3-one (h.p., ir spectrum, and
vpc; Apiezon 1, 75°, Carbowax, 85°). The unchanged acetylmethylene-
triphenylphosphorane, which was precipitated with pentane, was
reciysbajLlised from methylene chloride to give pure material (95g.J
n.p, 198-201°, lit.^199-202°).
The a.ttempted preparation was repeated using the conditions of
Rucliardt, Eichler and Panse for the reaction of stabilised ylides
with carboryl compounds.
A solution of acetylnethylenetriphenylpliosphorane (95g.)} a
large excess of pentan-3-one (l72g., 2.0 moles), and benzoic acid
(l2g.), in anhydrous, redistilled benzene, was refluxed for 48 hours
under nitrogen. The same work-up procedure as above gave unchanged
pentan-3-one as the only product.
(b) . By a Directed Aldol Condensation (V'ittig and Suchanek^.-
Concentrated hydrochloric acid (0.75g.) was added to a mixture of
acetone (72.5g., 1.25 mole) and cyclohexylamine (l23«75g., 1.25 moles),
and, after shaking for a few seconds, was set aside for 12 hr. Several
pellets of sodium hydroxide were then added and, after 8 hours, the
aqueous layer was separated. The organic layer was dried over phos-
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-phorus pentoxicle and distilled under nitrogen. The fraction b.p. 75-
6°/20ixi. was collected and redistilled under nitrogen to give N-isopro-
QO .
pylidene cyclohexylamine (l20g., 69°/o, b.p. 79°/24nm., lit., WO • b" / ~7 bO
as a colourless liquid, i'he product was stored. ~
over phosphorus pentoxide under nitrogen. Vpc (Apiezon L, 150°)
showed only one peak and ir examination showed the expected absorption
at 1663 cm-"' (s).
A solution of methyl-lithium in anhydrous ether (600ul.) was
100 loi .
prepared by the method of Oilman, from lithium sand (15.2g., 2.20
moles) and methyl iodide (l42g., 1.0 mole), and was shown to bo 1.40M
. !OZ
(by the G-ilman test ).
Pure di-isopropylamine (76.8g., 0.76 noles) in anhydrous ether
(ifOOnl.) was added dropwise to 500 nl. of a stirred ethereal solution
of methyl-lithium (1.4011; 0.70 mole) under nitrogen. When the
evolution of methane ceased and the reaction mixture had stopped
boiling, freshly distilled N-isopropylidenecyclohexyla.mine (97.3g«,
0.70 mole) was added at 0°. The react.con mixture was then cooled
to -70°, when the metal derivative of the Schiff's base crystallised
out, and pentan-3-one (60.2g„, 0.70 mole) was added. The reaction
mixture was allowed to warm up to room temperature and left for 43
hours.
Aqueous oxalic acid solution (0.81::, 4000ml.) was added and
the product was steam-distilled. The ethereal solution of product
was then dried (MgS04) and fractionally distilled to give two fractions,
1, b.p. 98-102°, (l9.0g.), identified as pentan-3-one by comparative
vpc (Apiezon L, 85°), b.p., and ir spectrum, and II, b.p. 92-94°/
80mm., (40g.; 45■>5°/0).
Vpc (Apiezon I, 75°, (Carbowax, 85°) of fraction II showed 3
peaks in roughly equal amounts and of almost identical retention
time. Examination of the ir spectrum ((film), 1710 (s), 1 683 (s),
and 1620 cm"1 (s)), showed the presence of a large olefinic absorption
and conjugated and unconjugated carbonyl absorptions, At low eV,
the mass spectrum showeu only peaks at m/e=126,111,97, and 43.
Faulk and Fry found that, in the preparation of 5-ethyl-A-
methylhept-4-en-3-one, 93°/o of the unconjugated isomer, 5-ethyl-A-
nethyhept-5-en-3-one, was formed and only 7°/o of the expected
conjugated isomer.
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The product obtained was probably, therefore, a mixture of 4-
ethylhex-3-en-2-one and cis and trans-4-ethylhex-4-en-2-one.
The product mixture could not be separated by either preparative
vpc (Carbowax or SE-30) or thin layer chromatography (alumina or
silica).
■ittempted "Preparation of 1 -deetyl-2,2-diethylc.yclopropane.- The
r j ~ ""
procedure of Landor and Punja was used.
To a suspension of sodium hydride (2.4g., 0.10 role) in anhydrous
climethylfornanide (200nl.) was added, in one portion, powdered
trinethyIsulfoxoniun iodide (22.1g., 0.104 nolo). in exothermic
reaction occurred with vigorous evolution of hydrogen. dt'ter stirring
for 15 minutes, the mixture of isomers of 4-ethylhexen-2-one (l2.6g.,
0.10 mole) in dimethylfornanide (50ml.) was added. The reaction
mixture was stirred overnight under nitrogen, poured into hydrochloric
acid / ice-water (200ml.; 3°/o) and extracted with pentane (3x200 ml.).
The combined pentane extracts were washed with water (100ml,), dried
(iigSOj.;..), and the pentane removed by distillation.
Distillation of the residue gave material (l2.6g., 'i6°/69mu.)
which was a mdxture of three products, partially resolved by vpc
(dpiezon L, 60°, Carbowax, 50°). The mixture could not bo separated
by preparative vpc (Oarbowax, SE-30), or column or thin layer
chromatography (silica gel or alumina). The nmr spectrum of the
product mixture was very complex and showed a large number of lines
between S 0.62 and 2.50, and a small multiplet at 6 5-30 in the
region expected for olofinic protons.
-C>-
Preparation of 4,VDjij» thylpuntan-2-one. - 4,4-binethyliy ntou-2-one
was prepared xron laethylmagnosxurn iodide aud nesi-iyl oxiie, using
103
tiie proceauro described by Asingor and Gentz for the abnormal
Grignard addition of nethylnagnesiun iodide to ^-unsaturated carbonyl
compounds, and purified by preparative vpc (STJ-30, 120°) sir (film),
1712 (vs), 1366 (s), and 1220 cm~1 (s); n.r (Cd^), S 1.00 (s, 9H,
1,030), 2.03 (s, 3Z, acetyl), and 2.23 (s,2H, CH2GO).
Preparation of 4,A-Miiethylpentan-2-ol.- Reduction of 4,4-diaethyl-
pentan-2-one (1.14;i., 0.01 noles), with lithium alumiiaiu: hydriu.o
(0.13s.t 0.003 moles) in ether (10ml.), gave 4,4-diuethylpentan-2-ol
(0.94g.), after purification by preparative vpc (oE-30, 120°).
Oxidation of this product, with 611 chromic acid in ether, gave
back 4,4-diniethylpentan-2-one, identified by comoarative vpc (Apiezon
L, 75°, Carbowax, 60°).
Preparation of 1 -(2,2-Dinethylcyclopropyl) ethanol.- Reduction of
1-ace ty1-2,2-da.ue thylcyclopropane (4.48g., 0.02; moles), with lithium
aluminium hydride (0.475s«> 0.0125 noles) in other (20m";..), gave
the product (39.2g.; 86°/oj b.p. 70-72°/48mi,i.), which shornc. two
partially resolved peaks 011 vpc (Apiezon L, 50°, Carbowax 50°) with
retention tine longer than that of 1 -acety1-2,2-diiaethylcyclopropane:
ir (film), 3410 (s), and 3080 cm"1 (w).
The product alcohol was shown to be a mixture of tne two possible
diastereoisomers by oxidation with (K chronic acid in other. 1-
Acetyl-2,2-dinethylcyclopropa.ne, identified by its ir spectrum and
by comparative vpc (Apiezon L, 85°, Carbowax, 65°), was the only
product.
Reduction of 1 -Acetyl-2,2-dimethyleyclopropane with Lithium in Liquid
/jaoonia. Method A. - Anhydrous ammonia (25nl.), dried by passing-
through calcium oxide, was condensed into a graduated, 100inl., 3-
necked, A.is. flask, fitted with a l)iy-Ice condenser, and protected
from atmospheric moisture by a drying tube filled with calcium oxide.
-84-
1 -Aceiyl-2,2—dimethwlcyclopropane (0.25g.) was added, followed by
lithium (0.110g.) in ono portion. Magnetic stirring of the blue
solution obtained was continued for 2 hours, and then the reduction
mixture was decomposed by the cautious addition of an excess of solid
ammonium chloride. Ether (50ml.) --as added, and the ammonia was
allowed to evaporate. later (10ml.) was added to dissolve the solid
salts left in the flask, the ether layer was separated, and the
aqueous layer was extracted with ether (2x25ml.). The combined ether
layers were washed with water (10ml.), dilute hydrochloric acid (5°/o,
10ml.), and saturated sodium bicarbonate solution (10uX,). The dried
solution (iigS0^_) was concentrated to approximately 2al« by distilling
off most of the ether through a column packed with Fenske helices.
The product showed six peaks on vpc examination (Apiezoi, L, 65°,
Carbowax, 60°). These were identified as 1-acety1-2,2-dimethylcyclo-
propane, 4,4-dimethylpentan-2-one, 5-metiiylhexan-2-ono, and their
corresponding alcohols by comparative vpc (Apiezou 1, 65°, Carbowax,
60o). The preparation of authentic sa pies of 1-(2,2-dimethylcyelo-
propyl) ethenol, 4,4-dimethylpentan-2-oue, and 4,4-ciiuethylpentan-2-ol
was described on pages S3 and. S3 respectively, and authentic
samples of 5-methylhexan-2-one and 5-methylhexan-2-ol were obtained
from Koch-light Co.
Oxidation of the reduction product in ether (5ml.), with 6ii
chromic acid, gave a product mixture showing only three peaks on vpc
examination (Apiezon 1, 65°, Carbowax 60°). These were identified
e,s 1-acetyl-2,2-dimethyIcyclopropane ( 26 ) ,4,4-diae thylpe ntan-2-one (55).
and 5-methylhexan-2-one (54 ) by comparative vpc (Apiezon L, 65°,
Carbowax, 60°). The three were separated by preparative vpc (Carbowax,
100°) and their structure confirmed by comparison of the ir spectrum
of each -with that of authentic samples. Peak integration on several
vpc analyses of the oxidised product gave a product distribution
which was uncorrected for the differentmolar sensitivity of the
products to the detector.
Table 1 shows the results of several reductions using the procedure
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described in the above representative reduction. The actual weights
of lithium and 1 -acetyl-2,2-dinethylcyclopropane used, aim the volume
of liquid ammonia in which the reduction was perforned, are shown in
the Table. Product distributions were corrected for nolar sensitivity
(obtained by peak integration on vpc analyses of several accurately
weighed mixtures of the three products*) and normalised to 100°/o.
Product ratios were calculated from this corrected product distribution
In some reductions, a vpc internal standard, decana, was added
with 1-acetyl-2,2-dimetbylcyclopropane. The ratios of starting
material to decane, and total product to decane (all corrected for
molar sensitivity), are shown in the Table as the 'deoxue integral*,
'before reduction', and 'after reduction'.
method B. - Lithium (0.110g.) was added to anhydrous liquid ammonia
(50ml.) in a graduated, 100ml., 3-necked, h.L. flask fitted with a
Dry-Ice condenser, as in method A, ana the resulting blue solution
was stirred, magnetically for 30 minutes to ensure complete dissolution
of the lithium. One arm of the flask carried a screw-cap adaptor,
fitted with a serum cap, and through this a mixture of 1-acetyl-2.2-
dimethylcyclopropane (0.50g.) and decane (0.15g.) was slowly added,
by means of a syringe, directly into the ammonia solution. Stirring
was continued for 2 hours, and then the reduction mixture was
decomposed b3^ the careful addition of an excess of solid ammonium
chloride. Ether (50ml.) was added and the ammonia was allowed to
evaporate. Water (10ml.) was added, the ether layer was separated,
and the aqueous layer was extracted with ether (2x25ml.). The
combined extracts were dried (kgSQty and concentrated to about 2ml.
by distilling off the ether through a column packed with Eenske helices.
Comparative vpc examination (Apiezon L, 65°, Carbowax, 60°) of
this material shoared decane and the same six products observed using
method A.
The reduction product mixture in ether (5ml.), was oxidised with
6K chronic acid. Vpc examination (Apiezon L, 65°, Carbowax 60°) of
the oxidised product showed it to bo a mixture of decane and the sane
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three ketones obtained using nethod A. Peak integration on several
vpc analyses of this product gave the product distribution.
Table 2 sho_rs the results of several reductions using the
conditions described above. Ill integrations were corrected for
molar sensitivity. The 'decane integral', 'before reduction', refers
to the ratio of starting material to decane, and 'after reduction',
to the ratio of total product to decane.
Table 3 shows the results of two reductions on '! -noetyl-2,2-
dii-iethylcyclopropane (0.50g.), using the method as above, but carried
out in 500ml. liquid ammonia.
Reduction of 1-Acetyl-2,2-dimethylcyclopropane with Barium in Liquid
Ammonia.- Table 1+ shows the results of several reductions of 1--acetyl-
2,2-dimethylcyclopropane with barium in liquid ammonia, using the
conditions described in method B, page §5 for the reduction of this
ketone with lithium in liquid ammonia.
All reductions were carried out in 50ml. liquid ammonia on a
mixture of ketone (0.50g.) and decane (0.15g«)» All integrations
were corrected for molar sensitivity.
Reduotion of 1-Acetyl-2,2-dimethylcyclopropane with Sodium in Liquid
Ammonia.- Table 5 shows the results of the reduction of 1-acetyl-2,
2-dimethylcyclopropane (0.50g.) with sodium in liquid ammonia (50ml.),
using nethod B, page %S In those cases in which decane was not
added with the cyclopropyl ketone, no entry was shovm in that column
of the table for the 'dece.no integral'.
Reduction_of 1 -Acotyl-2,2-diiaethyloyclopropane in tin Presence of
Tetra-othylrmnonium Cations.- Solutions of uetals in liquid
anmonia (50ml.) were made up as in method B, page %5 and then a
slight excess of tetra-othylaimoonium chloride was added to precipitate
the metal as its chloride. The resulting solution was stirred
for ten minutes and then 1 -acetyl-2,2-dimethylcyclopropane (0.50g.)
was added as before. The same work-up procedure as described in
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nethod B was followed.
The results of these reductions are shown in Table 6.
Tetra-ethylanmoniun chloride was obtained fron B.P.II. and dried,
in vacuo. over P2O5, before use.
Reduction of 1 -Acetyl-2,2-dimethylcyclopropane with Lithium/Lithium
Ioelidei Ilixtures in Liquid Ammonia. - A weighed quantity of lithium
iodide was added to a solution of lithium (0.20g.) in liquid ammonia,
ija.de up as in nathoo. B, page ?5, and the resulting solution was
stirred for a further 15 minutes, before adding 1-aceiyl-2,2-dinethy-
Icyclopropane (0.50g.). The sane work-up procedure as used in
uethod B was followed.
Table 7 shows the results of reductions using lithium (0.20g.)
and varying amounts of lithium iodide.
Table 8 shows the results of reductions using other quantities
of lithium metal, with lithium iodide.
Lithium iodide was obtained, as the trihydrate, from B... .H. and
was dried at 351° before use.
Reductions of trans-1 -Acetyl-2-methylcyclopropane with Lithium in
liquid ,1.:.onia. - The results of several reductions, using
method B, p. 95", on trans-1 -aoety'i-2-methylcyolopropane (0.50g.),
in liquid ammonia (50ml.), are shown in Table 9. .-11 product
distributions and ratios were corrected for molar sensitivity, and
decane (0.15g.) was used as a vpc internal standard.
The reduction product was shown to be a mixture of decane, trans-
1-acetyl-2-nethylcyclopropane, A-wethylpontan-2-one, hexan-2-one and their
corresponding alcohols by comparative vpc (Carbowax, 60°). Authentic
samples of 4-uethylpentan-2-one, 4-nethylpentan-2-ol, hexan-2-one,
and hexan-2-ol were obtained from Koch-Light Co., and trans-1-(2-
nethylcyclopropyl) ethanol was prepared as described on page
Oxidation of this reduction product mixture gave a mixture
which showed only three peaks, apart from decane, on vpc examination.
These were identified as trans-1 -ace tyl-2-ue thyIcyciopropane (29),
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hexan-2-one (56). and 4-nethylpentan-2-one (57) by comparative vpc
(Apiezon L, 65°, Carbownx, 60°). The three products were separated
by preparative vpc (Carbowax, 85°) and their identity confirmed by
comparison of the ir spectrum of each with that of authentic samples.
Reduction of cis-1 -Acetyl-2-uethy lcyologropane with .Lithium in Liquid
Ammonia. - The results of reductions, using method B, page
on cis-1 -ace tyl-2-me thylcyclopropane (0.25g.) in liquid, aueonia (50ml.)
are shown in Table 10. All product distributions and ratios were
corrected for molar sensitivity, and decane (0.15g.) was used as a
vpc internal standard.
The products, after oxidation, were identified as ois-1-acetyl-
2-methylcyclopropane (28), hexan-2-one (5o), and 4-nethylpentan-2-
one (57) by comparative vpc (Carbowax, 60°).
Reaction of Substituted Acqtylcyclopropanes with Di-t-butyl Peroxide
and Butan-2-ol. - A mixture of the substituted, acc tyIcyclopropane
(0.001 mole), butan-2-ol (1.AOg.), and di-t-butyl peroxide was heated
in a sealed, thick-walled, tyrex tube for 14 hours at 137°. The
product was analysed directly bjr vpc and all product distributions
were corrected for detector sensitivity.
Table 11 shows the results of three reactions on 1-acctyl-2,
2-dinethylcyclopropane (0.112g., 0.001 mole), using 0.113go, 0.225g.,
and 0.450g. respectively of di-t-butyl peroxide. The reaction
product was shown to be a mixture of 1-acetyl-2,2-dinethylcyclopro-
pane, 4,4-dimethylpentan-2-one, and 5-methylhexan-2-one (vpc; Apiezon
L, 80°, and Carbowax, 40°).
Table 12 shows the results of three reactions on trans-1-acetyl-
2-uethylc3>-clopropane (0.098g., 0.001 mole), using 0.113g., 0.225g»,
and 0.450g. respectively of di-t-butyl peroxide. The reaction
product was shown to be a mixture of traiis-1 -acetyl-2-nethycyclopro -
pane,4-iiethylpentan-2-one, and hexan-2-one (vpc; Apiezon L, 80°,
and CarbovTax, 40°).
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Table 13 shows the results of three reactions on cds-1-acetyl-
2-iietlr/lcyclopropane (0.098g., 0.001 mole), using '0.113g* > 0.225g.,
and 0.450g. respectively of di-t-butyl peroxide. The reaction
product was shown to he a mixture of ci s-1 -ace ty1-2-i.ie thyIcyclopro-
pane, 4-n»thylpentan-2-one, and hexan-2-one (vpo; Apiezon 1, 80°,
and carbowox, 40°).
■Rearrangement of Substituted 1 -(Gyclopropyl) ethanols with Di-t-butyl
Peroxide. - A mixture of the substituted l-(cyclopropyl) ethanol,
ana di-t-butyl peroxide, with decane as an internal vpc standard,
was heated in a sealed, thick—railed, Pyrex tube for 14 hours at
140°. The product was analysed directly by vpc and all product
distributions were corrected for detector sensitivity.
Table 14 shows the results of three reactions on 1-(2,2-dimetlyl-
cyclopropyl) ethanol (0.50g.), using 0.0p;,., 0.15g., and 0.50g.
respectively of di-t-butyl peroxide. The reaction product was
shown to be a mixture of 1-(2,2-dimethylcyclopropyl) ethanol, 4,4-
dimethylpentan-2-one, and 5-nethylhexari-2-one (vpc; Carbowax, 60°).
1-(2,2-Dir.:s thylcyclopropyl) ethanol was prepared as a xdxture
of the two possible diastereo-isoners and was used as such. The
ratio of the diastereoisomers was unchanged in the unreached
material in the a,bove reactions.
Ta.le 19 shows the results of three reactions on trnns-1-(2-
ne thylcyclopropyl) ethanol (0.25g.), using 0.025g., 0.075g", and
0.250g. respectively of di-t-butyl peroxide. The reaction product
was shown to be a mixture of trans-1 (2-uethylcyclopropyl) ethanol
4-methylpentan-2-onc, and hexan-2-one (vpc; Carbowax, 60°).
Table 16 shows the results of three reactions on cis-1-(2-
methylcyclopropyl) e thanol (0.125g.), using 0.013g», 0.038g., and
0.125g. respectively of di-t-butyl peroxide. The reaction product
was shown to be a mixture of cis-1-(2-methylcyclopropyl) ethanol,
4-ne thylpentan-2-one, and hexan-2-one (vpc; Carbowax, 60°).
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Reaction of trans-1 -Acetyl-2-...ethyleyclopropane with Sodium in Dioxan.-
1 -Acety1-2-methylcyclopropane (0.098g., 0.001 mole) in redistilled,
purified dioxan (1ml.), and sodium ((.a), 0.02%., and (b), 0.04%.)
was heated for 14 hours, at 135°, in a sealed, thick-walled, J^rex
tube with docane (0.10g.) as an internal vpc standard.
Dilute hydrochloric acid (2ml.) was added cautiously and the
hydrolyseu product was extracted with ether. Vpc examination of the
ether extract of both reaction products showed, that trans-1 -acetyl-
2-methyIcyclopropane, 4-methylpentan-2-one, and hexan-2-one accounted
for less than 20°/o of the starting material. The vpc retention
time of dioxan was such that the product distribution could not be
determined. The vpc examination showed many unidentified products
of long retention time.
Attempted Preparation of 2-Cyclopropylpropionaldehy&c. - The procedure
73 ~ ~ ~ l/jl'
used was that of Wittig and Knauss, and Levine, for the addition of
uethoxy..iethylelietripherylphosphorane to carbonyl compounds.
A solution of sodium ethoxide (0.02 moles) in anhydrous ethanol
(10ml.) was added to a mixture of acetylcyclopropane (Q.02 moles,
>04-
1.68g.), and Lie thoxyme thyltriphenyIpho sphonium chloride (6.84g.
0.02 moles) in anhydrous ethanol (50i.il.). The solution was stirred
with heating, under nitrogen, during 12 hours.
A small portion (1ml.) of the reaction mixture was shaken for
8 hours with saturated aqueous, sodium bisulphite solution (lnl.).
The resulting precipitate was decomposed with aqueous potassium
carbonate solution, and the solution obtained -was saturated with
sodium chloride and extracted with ether. Vpc examination (Apiezon
L, 40°, and 100°) of the ether extract showed no volatile product.
A small portion (2ml.) of the reaction mixture was heated under
reflux, for 10 minutes, with dilute hydrochloric acid (li.il.), and
then saturated with sodium chloride and extracted with ether. Vpc
examination (Carbowax, 60°) of the ether extract showed only ethanol
and acetylcyclopropane.
-91-
Preparation of 2-I.-iethyl*-1-pherr/lpent-3-en--1--ol. - (a) 2-Bromopent-
3-ene (0.20 moles, 30g.), prepared froa pent~3-en--2-ol,^was added
With stirring to magnesium turnings (0.60 moles, 14.6g.), in anhydrous
ether (200nl.), during 10 hours. Redistilled henzaldehyde (0.15
moles, 15«9) in ether (50i.il.) was added slowly, the resulting solution
was stirred for a further 1 hour, and then the reaction ;nixture was
cautiously hydrolysed with saturated, aqueous ammonium chloride
solution.
The product was extracted with ether (3x150ml.), and, after
drying (hgSOy), the ether was removed by rotary evaporation.
Infared examination of this crude product showed a large absorption
at 1699 on"' attributed to unreacted benzaldehyde.
The crude product was redissolved in ether (100ml.) and shaken
with saturated, aqueous sodium bisulphite solution to remove
benzaldehyde as the bisuphite addition compound. The filtered
ether solution was then washed with water (2x50ml.), aqueous sodium
bicarbonate solution (50ml.), and water (2x50ml.), dried (LgSOg),
and concentrated by rotary evaporation.
Infrared examination of this product showed no absorption at
1699 cm-'', but a broad, hydroxy1 absorption at 3330 cm"'', and an
absorption at 1684 cm"'' characteristic of a conjugated carbonyl.
Distillation gave the product (10.1g.; b.p. 61 -62°/0.03mi.i.j
ir (film), 3330 (b,vs), and 1684 cm-1 (vs)) which showed two peaks
on vpc analysis (Apiezon 1, 170°). The two components were separated
and purified by preparative vpc (Carbo ax, 140°).
The product with the shortest retention time (Apiezon i, 170°)
was identical with benzyl alcohol (ir spectrum, nmr spectrum, mass
spectrum, and vpc).
Analytical vpc examination (Apiezon L, 170°) of the second
product showed that preparative vpo purification (Carbowax, 140°)
had caused some rearrangement (15°/°) another isomeric product
of slightly longer retention time. The product mixture had the
following spectral data : ir (film), 1634 (vs), and 1648 cm"1 (s);
mass spectrum, p=174,- at low eV, the only other peaks in the spectrum
were at n/e=105 and 69.
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(b) The Grignard magnesium compound of 2-brouopent-3-ene (0.2 moles,
30g.) \7as ^prepared as described in the previous preparation. The
solution was filtered through a glass-wool plug, under trogen, and
shown, by titration, to contain 0.113 moles of Grignard reagent.
Benzaldehyde (0.100 moles, 10.6g.) in ether (l00i.iL.) was added
slowly, over 5 hours, to the vigorously stirred solution of Grignard
reagent. After standing for 1 hour, the reaction mixture was
cautiously hydrolysed with an excess of saturated, aqueous anuoniun
chloride solution. The ether extract was washed with water (2x50nl.),
dried (igSOy), and then concentrated by rotary evaporation.
Distillation gave a product (l7.1g.J b.p. 60-63°/0.03n.i.) iiich
was shown by vpc (Apiezon L, 170°) to contain 10°/o of an inpurity
which had the sane retention tine as the wain product ketone isolated
in the previous preparation.
Redistillation gave 2-methy1-1-phenylpent-3-en-1-ol as a colour¬
less liquid (l6.2g.; b.p. 6l-62°/0.03mm. ) containing 5°/o of a
single impurity (vpc; Apiezon L, 170°) : ir (film), 3400 era-"1 (b,s),
and a snail absorption at 1684 cm"'' (attributed to a conjugated-
kotone impurity); u (GCl ), & 0.85 (pair of d,3d J=6.5 Iz, CH^GIl),
0.90 (n, 111,11(2)), 1.40 and 1.60 (two t, 3H, J=6.0Hz and 2.0Hz,CK7l=C),
2.60 (s,111,011), 4.2(m, 1H,!I(-) )), 5^30 (broad u,211,11(3) and H^)) ,and
7.10 (broac s,5H, phenyl); mass spectruu, p=176,- at low eV, the
major peaks in the spectrum were at n/e=107 and 69.
Attempted Preparation of 2-(2-l.etliylcyclopropyl)-1 -phenyIpropan-1 ••ol.-
(a) Freshly distilled 2-ne thy1-1 -phe ny lpent-3-en-1 -ol (0.-01 moles,
|
1.7'5g.) and Zn/Cu couple (0.02 moles, 1.30g. ] in ether (23ml. ), under
nitrogen, were warned to reflux with vigorous stirring. methylene
iodide (0.02 moles, 5«36g.) was added slowly and, after refluxing
for 6 hours, the reaction mixture was cautiously decomposed with an
excess of dilute, aqueous hydrochloric acid, followed by extraction
with ether (3x25nl.).
The ether extract was washed with water (20ml.), and saturated,
aqueous sodium bicarbonate solution (20A1.), dried (kgSO/), and
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concentrated by rotary evaporation to give the crude product (3.05g.)
identified as a mixture of starting material and methylene iodide
(vpc, infrared and mass spectra).
(b) The reaction xras repeated using 2-methyl-1-phenylpent~3-en-1-
ol (0.02 moles, 3-52g.), Zn/Cu couple (0.08 moles, 5-2g.), and
methylene iodide (0.04 moles, 10.72g.) in ether (25nl.).
Vpc examination (Apiezon L, 170°) of the crude material obtained
after a reaction time of 48 hours shoved twenty peaks.
Distillation gave a fraction (2.20g.j b.p. 80-88°/0.05um.)
which showed fifteen different peaks on vpc examination (Apiezc.:: L,
170°). The major component (15°/o) of this mixture had a retention
time identical with that of 2-me thyl-1 -phenjrlpent-3-en-1 -ol. The
mass spectrum of this mixture, at low eV, showed a large peak at
m/e=176, and only a small peak at n/e=190.
Preparation of Hox-A-yn-2-ol.- (a) lie thylace iylene (1 mole, 40g.)
was bubbled into a solution of ethylnagnesium bromide in ether
(400ml.), under nitrogen, contained in a flask fitted with a Di"r-Ice
condenser. After the addition of ne thyacetylene -was complete,
stirring was continued for 5 hours, during which time the G-rignard
reagent separated out as a dark oil, heavier than ether. The
Dry-Ice condenser was replaced by a water condenser, 1,2-wpoxypropane
(1 mole, 58g.) in ether (50ml.) was added slowly and the mixture
was stirred vigorously for 18 hours.
The reaction nixture was hydrolysed with saturated, aqueous
ammonium chloride solution and extracted with ether (2x2'.' Jail.).
The ethereal extract was dried (ligSOg), concentrated, and distilled
to give f mixture (51g.; b.p. 64-68°/28mm.) of two products
(vpc; Apiezon 1, 70°). Distillation on a Buchi spinning band
distillation apparatus gave the following product fractions:
I (27g.; b.p. 71-74°/60mm.), which was pure by vpc (Apiezon
L, 70°) and was identified as 1-bromopropan-2-ol : ir (film), 3380
(b,vs), and 670 cm-1 (s); nmr (CCI4), & 1.23 (d,3H, J=6.3Hz, methyl),
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3.40 (two overlapping doublets, 2H, J=5.0 and 6.0Hz, methylene),
3.67 (s,1H, which disappeared on shaking with D20,0E), a/.d 3.92
(ia,1H,CH)j nass spectrun, p=140 and 138,- at low eV, t-m other main
peaks in the spectrum were at n/e=1 25,123,82,80,59 and 45.
II (lOg.; b.p. 75-85°/S0i:u.i.), which was shown by vpc (Apiezon
L, 70°) to he a mixture of 1-bromopropaw-2-ol and hex-4-yn-2-ol,
III <12.5s-; h.p. 85-86°/60uu.\ which -as pure.."by voo
(Apiezon L, 70"') and had the spectral properties expected for liew-4-
yn-2-ol : ir (film), 3350 en-*' (b,vs); nmr (C'JI^), & 1.18 (d,3H, J=
6.3Hz, methyl), 1.76 (t, 3H, J=2.6rlz, Cn^C-c), 2.20 (n,2H, methylene),
3.68 (s,1H, which disappeared on shaking with D20,0Il), and 3.89
(n,1H,H(2))» 53S-SS spectrun : p=98 (low intensity) with base peak
at ::j/e=83.
(b) L suspension of sodanide in liquid ammonia (150elL.) was prepared
fron sodium ^5.75g.) in a flask fitted with a Dry-Ice condenser and
a gas-inlet tube. i-.:.e thy lace iylene was bubbled thorough the
vigorously stirred reaction mixture for 2 hours, and tnen 1,2-
epoxypropo.no (0.33 moles, I8g.) was added during 1 hour. The flow
of methylacetylene was continued for a further 2 hours.
After stirring for 24 hours, the reaction mixture was decomposed
by the addition of solid ammonium chloride. Ether (l00i.il.) was
added and the ammonia was allowed to evaporate. Sufficient: dilute,
aqueous hydrochloric acid was added to dissolve the solid residue
and the resulting solution was extracted with ether (2x1u0ml.).
The ethereal extract was washed with saturated, aqueous solium
bicarbonate solution (50ul.), and water (50ul.), and the..', dried
(KgSO4).
Distillation gave the product (14.2g.; 88-90°/78mn.) which
was shown by vpc (Apiezon L, 70°) to contain less than 0.5°/0
impurity, and which had ir,mr, and mass spectra identical to those
of the hex-A-yn-2-ol prepared above.
Preparation of trans-Hex-4-on-2-ol.- Hex-4-yn-2-ol (0.1 moles, 9.8g.
in anhydrous ether (lOnl.) was added to a solution of sodium (9.2g.)
in anhydrous liquid ammonia (2;-00elL.), in a flask fitted rith a Dry-
Ice condenser protected from atmospheric moisture by a drying-tube
filled with calciua oxide.
After stirring for 2 hours, the reaction mixture was decomposed
by the addition of solid ammonium chloride (3C'r>), and the ammonia
was allowed to evaporate. The residual salt was extracted with
ether (3x50ul.). The ethereal extract was washed with dilute,
aqueous hydrochloric acid (2x25nl.), saturated, aqueous, sodium
bicarbonate solution (25ml.), and water (25ml.) > and then dried (JfgS04)
and concentrated by rotamy evaporation.
Distillation gave the product (8.8g.; b.p. 66°/40mu.) which,
was pure by vpc analysis (Apiezon L, 70°). The spectre,l properties
were as expected for the required product : ir (film), similar, but
not identical, to that of hex-A-yn-2-ol; nmr (CCI4), S 1.05 (d,3H
J=15.8 Hz, methyl), 1.64 (n,consisting of a doublet, J=12.0Hz,
further split into two triplets, J=3«0Hz,3H,CIl3C=C), 2.05 (n,2H,
methylene), 3.38 (broad s,1H, Trhich disappeared on shaking with D2O,
O.d), 3«65 (n, 1H,x:.^2))j and 5*40 (m,2I±, -^(4) ^(5))*
Preparation of cis-Hex-4-en-2-ol.- Eex-4-yn-2-ol (4.9g.) was
shaken in a hydrogen atmosphere with prehydrogenated Lindmar's
palladium catalyst (0.50g.) in pentane/ether (1:1; 50ml..) until
the uptake of hydrogen ceased. The uptake of hydrogen (95°/o of
theoretical) required 8 hours.
After the catalyst had been removed by filtration through a
Celite pad, the product was obtained by distillation (3<.93g.J b.p.
71°/53;m.). This was shown to be largely the cis-alcohcl, contamin¬
ated by trans-hex-4-en-2-ol (7°/o) and hex-4-yn-2-ol (5°/°) "by
comparative vpc examination (Apiexon L, 70°); nmr (GC14)^ £ 1.14
(d,3H, J=15.7Hz, methyl), 1.66 (m,3H,CH3C=C), 2.10 (m,2Ii, methylene),
2.95 (broad s, 111, which disappeared 011 shaking with DgOjOIi), 3.70
(n,1H, 11(2)), and 5-45 (n,2H, H(2,.) and H(5)). The mar spectrum
also contained small peaks corresponding to protons in trans-hex-4-en-
2-o1 and hex-4-yn-2-ol.
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Preparation of trans-1-(2-LethyIcyclopropyl) propan-2-ol. - trans -
IIex-4-en-2-ol (0.04 moles, 4.00g.), an(i En/Cu couple (0,08 moles,
5.24g.) in ether (50ixL.) were stirred vigorously, under oitrogen,
while methylene iodide (0.06 moles, l6.08g.) was added slowly. After
refluxing for 1 hour, the reaction mixture was decomposed "by the
addition of an excess of aqueous ammonium chloride solution and.
extracted with ether (2x50ml.). The combined extracts were washed
with dilute, aqueous hydrochloric acid (5QmU), saturated, aqueous,
sodiun hicarbonate solution (25nl.), and water (25ml.), and dried
(iigSO],) .
Distillation gave the product (2.95g»J h.p. 70-72°/30mn.)
which was 92°/o pure (vpc; Apiezon L, 70°).
Purification by preparative vpc (Carbowax, 100°) of this crude
product gave material which showed no impurity on analytical vpc
examination (Apiezon L, 70°).
The spectral properties of the purified material were as
expected for trans-1-(2-methylcyclopropyl) propan-2-ol : ir (film),
3380 cif1 (b,s); mar (CCI^), & 0.20 (11, 4 cyclopropyl protons),
1.02 (d,3 3 J=4.8Hz, methyl attached to cyclopropane), 1.14 (d, 3H,
J=6.0Hz, methyl to CHOIl), 1.34 (m,2H, methylene), 3.74 (n,1K,CE),
and 3.85 (broad s,1H, which disappeared 011 shaking with DpO.Oi);
mas s spe c trum, p=114.
Pi-oparation of trans-1 -(2-I.ethylcyclopropyl) propan-2-one . - trans-
1-(2-I;iethylcyclopropyl) propan-2-ol (0.02 nodes, 2.2Sg.) in ether
(10u1.) was stirred at room temperature with 6N chromic acid. (10.0ml.)
until vpc examination (Apiezon I., 70°) sheared no starting material
remained. The separated ether layer and combined ether extracts
(2x15ml.) were washed with saturated, aqueous, sodium bicarbonate
solution (15ml.), and water (ipml.), and dried (iE&SO^).
Distillation gave the product (l.76g.; b.p. 57°/35m-m.) which
showed less than 10°/o impurity on vpc examination (Apiezon L, 70°).
Purification by preparative vpc (Carbowax, 110°) gave trans-1- .
(2-methylcyclopropyl) propan-2-one (1.24§.) which showed no impurity
on analytical vpc examination ( Apiezon L, 70°) . The spectral properties
were in agreement with the proposed structure: ir (film), 1709 cm" (vs);
nmr (CGl^)j % 0.50 (m, 4 cyclopropyl protons), 1.05 (d, 3H, J= 5.6Hz,
methyl attached to cyclopropane), 2.05 (s, 5H, acetyl), and 2.20 ( d, 2H,
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J = 6.6Iiz, methylene) ; mass spectrum, p= 112, end main peaks at ra/e =
97, 69, 58, 55, 43, and 41,
Treatment of trans-1-(2-Methylcyclopropyl)propan-2~one with Sodium
Methoxide in Methanol.- (a) trans-1-(2-Methylcyclopropyl)propan-2-one
(0.10g.) was added to a 5fo solution of sodium methoxide in methanol (2.0ml.):
and the resulting solution was allowed to stand for 24 hours. Vpc
examination (Apiezon L,70°, and CarbowaxpGO0) showed only starting
material.
The solution was diluted with water (5ml.) and extracted with penrfeaae
(Sx5ml.), The extract was washed with water (2x2ml.) and dried over
calcium chloride for 6 hours. The infrared spectrum of the product
obtained after removal of the pentane was identical to that of trans-
1-(2-methylcyclopropyl)propan-2-one.
(b) A solution of trans-l-(2-methylcyclopropyl)propan-2-one (0. 10g.)
in a lCf/a solution of sodium methoxide in methanol (2.0ml.) was heated
in a sealed, thick-walled, Pyrex tube far 18 hours at 80°. The product,
isolated as above, had ir and nmr spectra, and vpc retention tiiae
(Apiezon L, Carbowax, 60°) identical to those of the starting material.
Deuteration of trans-l-(2-I',Iethylcyclopropyl)propan-2-one wi th Sodium
Methoxide in Methanol- trans-1- (2-Methvlcyclopropy1)propan-2-one
(0.002 moles, 0.224g.) was treated with a lO^o solution of sodium methoxide
in methanol-l^H^l (3.42g.) during 12 hours. The reaction mixture was
extracted with sodium-dried n-pentane (3x5ml.), and the ethereal extract
was dried over anhydrous calcium chloride.
Preparative vpc (100°, Carbowax column which hod been treaded with
hexamethyldisilazane immediately prior to use) gave the product
(0.198g.) which showed no impurities on vpc examination (Apiezon L, 70°,
Corbowax, 60°). The spectral properties of the product showed that
-
deuteration had occurred: ir(film), 2200 cm~ (w); nmr(CCl^), £ 0.60
(m, 4 cyclopropyl protons ), and 1.40 (d, 3H, J=5.6Hz, methyl at 0^)).
Calculation of the relative isotope abundance from the mass spectrum showed
that the total deuterium exchange was 92 of five replaceable hydrogens
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(theoretical, 95%)* The dis tibution of deuterium was
calculated to be : Do, 0%; D1 , 0.08%; Dg, 0,77% J D3,
4.93%J D/4, 27J-!-3%; D5, 66,75%.
Treatment of trans-1-(2-Methylcyclopropy1) propan-2-one
with Oodamlde In Liquid Ammonia. - trans-1 -(2-Methylcyclo-
propyl) propan-2-one (0,002 moles, 0,22Ug.,) was added to a
solution of sodamide (0,001 moles, 0,039g.) in anhydrous a\f)L
ammonia (15ml,), under nitrogen. The reaction mixture was
stirred for 8 hours.
Solid ammonium chloride (0.005 moles, 0,27g»; was added
and the ammonia allowed to evaporate. The residual salt
was dissolved in water (1.0ml.) and extracted with ether
(2x10ml.). The ethereal extract was washed with dilute,
aqueous hydrochloric acid (pml.), and saturated, aqueous
sodium bicarbonate solution (2ml.), and dried (MgSOq),
Vpc examination (Apiezon L, 70°, Carbowax, 60°) showed
only trans-1 -(2-methylcyclopropyl) propan-2-oiie. The
infrared spectrum of the product was identical to that of
the starting material,
Preparat ion of the p-T o luene sulphonylhvd razone o f Ilex a 11- 2-
one-Hex an-2-one (d.50g.) was added to _p-toluenesuiphonyl-
hydrazide (0»93g.) dissolved in a minimum of hot ethanol
containing one drop of concentrated hydrochloric acid.
The mixture was warmed for a few minutes and left to cool.
On dilution with water (10ml.) an oil was obtained which
solidified on scratching, The crude product was recrysta-
llised from aqueous ethanol (50%) and dried over phosphorus
pentoxide to give the pure product as white needles (l 028g.,
95%; m.p. 73-75°)- ir (nujol), 3260 (s) and l6i*0 cm""' (m)j
nmr (0DGI3), t) 0,80 (distorted triplet, 3H, Me), 1,00 - 1.50
(ffi,4H, CHgCHg), 1.72 (s,3H, MeCssN), 1,86 (a,1H, NH), 2.16
(t,2H,CH2, J=7»2Hz), 2.39 (s,3H, jj-Me), 7.27 (d, 2 aromatic
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protons, J=8.0Hz), and 7.82 (d,2 aromatic protons, J"=8»0Hz);
mass spectrum, p=268 (low intensity) with base peak at m/e-
113 (Found : G,57.97; H,7.21; IT, 10.47. C-^HpoNOgS
requires C, 58.20; H, 7.48; N, 10.45/0.
Preparation of the p-Toluenesulphonylhydrazone of 1 -Ace tyl-
2,2-dimethylcyolopropane. - The product was obtained from
1-acetyl-2,2-dimethylcyclopropane (0,p6g.) and ja-toluenes-
ulphonylhydrazide (0.93g.), as described for henan-2-one,
as white needles (l.34g., 96>t; m.p, 116-118°) i ir (nujol),
3240 (s) and 1635 era""' (m); nmr (CDCI3), 0.50 (m, 1
cyclopropyl proton), O.56 (s,3H,Me), 1,02 (m,1 cyclopropyl
proton), 1.08 (s,3H,Me), 1.20 (s,1H,NH), 1,28 (m, 1 cycloprop¬
yl pro tpn')', 1.82-*( s,3H-,l.ieG=»lf), 2»4-0 (s,3H, jg-Me), 7.26
(d, farther split without resolution, 2 aromatic protons,
J=8„2Hz), and 7.80 (d, further split without resolution,
2 aromatic protons, J=8,2Hz); mass spectrum, p=280 (low
intensity) with base peak at m/e=125.
Attempted Reduction of the p-T'oluenesulphonylhydrazone of
Hexan-2-one with lithium Cyanoborohydride. - (a) Lithium
cyanoborohydride monodioxanate (O.Obg. ) was added to
the hydrazone (0.10g.) in methanol (1ml.), After leaving
at room temperature for 24 hours, the reaction mixture was
diluted with water (4ml.) and extracted with ether (3x4ml.)•
The combined extracts were washed with water (4ml.), and
dried (MgSOy), and concentrated. Infrared examination of
the crude product showed it to be unchanged starting material,
(b) Hexan-2-one (0.05g.) was added to _p-toluenesulphonyl-
hydrazide (0,093g.) dissolved in methanol (1.0ml.),
Anhydrous hydrochloric acid was added to bring the pH of the
solution to 5.5 and then lithium cyanoborohydride monodi-
oxanate (0.07g.) was added,"^ After leaving at room temperature
for 24 hours, the reaction mixture was diluted with water
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(2.5ml.) and extracted with ether (3xi-iml.), The combined
extracts were washed with water (2x2.5ml.), dried (MgSQ^),
and concentrated. Infrared examination of the crude
product showed it to be the jg-toluenesulphonylhydrasron© of
hexan-2-one.
Attempted Reduction of the p-Toluenesulphony!hydrazone of
Hexon-2-one with Sodium Borohydride. - Sodium borohydride
(0.25g.) was added to the hydra zone (0.33g») in methanol
(8ml.) at 0°, After the initial evolution of gas had
ceased, the reaction mixture was left under nitrogen for one
hour at room temperature. The reaction mixture was diluted
with water (I0ml.)9 and extracted with ether (3x10ml.).
The combined ether extracts were washed with water (2x5ml.)
and concentrated by rotary evaporation. The product
obtained was dried over phosphorus pentoxide to give a pale
yellow solid (0.23g«). Infrared examination of the product
showed it to be unchanged starting material.
The combined aqueous residues were washed with
chloroform (3x10ml,). Evaporation of the chloroform
extracts gave no residue.
Reduction of the t> -T'oluenesulphonylhvdrazone of Hexan-2-one
with Lithium Aluminium Hydride. - The hydrazone (0.10g.)
in ether (1,0ml.) was added to a suspension of lithium
aluminium hydride (0,0l}3g.) in ether (5ml.), under nitrogen.
After stirring for 2k hours, the reaction mixture was
filtered and the solid residue was washed with ether (10ml.).
The combined ethereal filtrates were treated with a little
water and the white solid which separated out was filtered
off. The filtrate was concentrated on the rotary evaporator
to give a mobile oil. Thebir spectrum of the product was
less complex than that of the starting material and showed
-1
a very broad absorption at 3b00 cm and no absorption at
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1640 om , However, the produce obtained did not have
the ir spectral chsractoristics of the expected substituted
hydrazido, i.e. an ir spectrum very similar to that of
the hydrason© with two sharp absorptions between 3200 and
-1
j'-iOe cm ,
The reduction was repeated adding a solution of the
hydra cone (0,3'4g.) in ether (2.5ml.) to a suspension of
lithium aluminium hydride (0.095g.) in ether (10ml.),
under nitrogen. After stirring for 1 hour, the reaction
mixture was worked up as before. The ethereal extract was
concentrated on a rotary evaporator to give a white solid
(0.05g.). The ir spectrum of the product was again less
complex than that of the starting material and showed a
-1
very broad absorption at 3400 cm .
The residues from the filtrations were treated with
water and extracted with methanol (10ml.), followed by
ether (10ml.), The combined extracts wero concentrated by
rotary evaporation, to givo, after drying, a white solid
(0,16g.). The ir spectrum of this product was also less
complex than that of the starting material and showed a very
-1
broad absorption at 3400 cm , None of the products
obtained in either reduction had identical ir spectra.
The ether which was removed from the reaction product
by rotary evaporation was shown by vpc examination
(Apiezon L, 45°J Carbowax, 50°) to contain a small amount
of a product which was not present in the solvent ether and
which had the same vpc characteristics as commercial n-
hexane.
Attempted Catalytic Reduction of the n-Toluenesulohonyl-
hydrazone of Hexan-2-one, A» With Palladium on Charcoal.■
B, With Raney Nickel. -
C, With Platinum on Charcoal. -
With Adam's Platinum Catalyst in Bthanol. -
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13. With Adam's Platinum Catalyst in Acetic Acid, -
^• With Adam's Platinum 0atalvst In ISthanol Saturated
with Anhydrous Iiydrogon Chloride. -
G-. With Adam's Platinum Catalyst in Acetic Anhydride. -
All tho attempted roductions were unsuccessful.
Preparation of IT—1 — ( trans-2-Methylcyclopropyl) ethyl-p-
toluenesulphonamide. - Aqueous sodium hydroxide solution
(qOmlj 10%) and trans-1-acetyl-2-methylcyclopropane (4.0g.)
wore added to hydroxylamino hydrochloride (lOg.) dissolved
in water (40ml») ,l(^' The mixture was heated under reflux
for 15 minutes, then cooled, acidified with dilute
hydrochloric acid, and extracted with ether (3x100ml.),
The ethereal solution was dried (MgS0/t) and concentrated to
a volume of approximately 100ml,
The ethereal solution of the oxime was added to a
suspension of lithium aluminium hydride (7,00g,) in ether,
<21
under nitrogen, 01 The reaction mixture was stirred for 1
hour, and was then treated cautiously with water. The
dense white solid which separated out was filtered off
and washed several times with ether. The combined ethereal
filtrates were concentrated on the rotary evaporator to
give a pale yellow oil (1,90g,).
The product was treated during 12 hours with j>-
toluenesulphonyl chloride (4.5g.) in redistilled pyridine
(40ml.) The reaction mixture was poured into water
(25ml.) and tho product was extracted with ether (50ml,),
Removal of the ether by distillation gave N-1-(trans-2-
methylcyclopropyl) ethyl-js-toluenesulphonamido as a thick
—1
yellow oil (2.5g.) J i^ (nujol), 3300 (s), and 1 600 cm"
(s); nmr (CC1-), £ 1,00 (m, 4 eyelopropyl protons),
1.20 (d,3Ii, J=S,5 Hz, eye lopropyl methyl), 1.54 (d,3H,
J=5,5Hz, methyl), 1,60-1,85 (m,1H,CH), 2,40 (s,3H, aromatic
methyl), 7,24 (d, 2 aromatic protons, J=8.0Hz), and 7.68
(d, 2 aromatic protons, J=8,0Hz),
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The spectral data of the product were very similar to
those of N-cyclohexyl-jo-toluenesulphonamide, prepared from
eyelohexylamine using the method above ; ir (nujol), 3300
methyl), 7.20 (d, 2 aromatic protons, J=8.0Hz), and 7.7h
(d, 2 aromatic protons, J=8,QHz).
Thin layer chromatography (silica, or alumina, in
chloroform) separated the cyclopropyl derivative into two
components, one of which ( 10&) was immobile. The other
component was shown to have an Rf value almost identical
to that of i£-cyclohexyl-.E-tOiUenesulphon3mide,
Treatment of N-1-( trans-2-Methylcyclopropyl) ethyl-p-
toluenesulphonamide with Hydroxvlamine-Q-sulphonic Acid, -
The j3- toluenesulphonamide (l.0g.) was dissolved in a hot
solution of sodium hydroxide (11.Og.) in water (80ml.)
and ethanol (20ml.), contained in a R.B. flask set up for
distillation. A gas trap, cooled in liquid nitrogen, was
connected to the exit of the condenser. Solid hydroxyl-
amine-0-sulphonlc acid (20 equivalents, 8.9g.) was added in
0.5g. portions during 20 minutes, and the resulting mixture
was then distilled slowly for 1 hour, No product was
observed on vpc examination (-Apiezon Lj Carbowax) of the
carbon tetrachloride extract of the aqueous distillate.
The convents of the gas trap were extracted with carbon
tetrachloride, Again no product was observed on vpc
(Apiezon L; Garbowax) and infrared examination of the
extrac t.
The reaction was repeated using the same quantities of
roactants. The reaction mixture was refluxed for 2 hours
before distillation. Again, no volatile product was detected.
Titration of Lithium in Liquid Ammonia. A, With 5-
Methylhexan-2-one, - Lithium (0.03''!g., 5.03 m.molos)
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was dissolved in anhydrous liquid ammonia (10ml,) in a 3-
necked, R.B. flask fitted with a Dry-Ice condenser and
protected from atmospheric moisture by a calcium oxide
drying-tube, 5~Methylhexan-2-one was added slowly by
injection until the blue colour of the stirred solution
was just discharged, 'The weight of ketone required was
0,560g. (4.91 m.rnole).
In three further reductions, 2,74 m,moles (0.013g.),
5,03 m,moles (0,034g.), and 24.5 m,moles (0,170g.) of
lithium in liquid ammonia (10ml,), required 2,84 m.moles
(0,32qg.), 4,51 m,moles (0.560g.), and 26.0m.moles (2.96g).
of 5-methylhexan-2-one respectively to discharge the blue
colour of the liquid ammonia solution.
In several titrations of lithium in anhydrous liquid
ammonia, the reaction mixture was allowed to stand for
periods ranging from 1 minute to 1 hour after titration
before solid ammonium chloride was added. In all the
titrations, the mole ratio of lithium to 5-methylhexany¬
one was almost unity, but the ratio of 5-methylhexan-2-one
to 5-~methylhoxan-2-ol varied randomly from 1:1 to 1;2.
W1 th 1 -Ace ty1-2.2-d irne thyloyc lopropane. - Using the
procedure described in A, 1,73 m.moles (0,0125g») of
lithium in liquid ammonia (10ml.) required 1.68 m.moles
(0.188g.) of the ketone.
With trans-1-Ace tyl-2-methvlcvclopropane. - 2.14
M.moles (0.01q8g,) of lithium required 2.14 m.moles (0.210g.)
of the ketone, After the blue colour had been discharged,
an excess of solid ammonium chloride was added, and the
reduction product was isolated and oxidised with 6ll chromic
acid in the usual manner. The ratio of total rearranged
product to unchanged starting material was 0.4/,: 1.
-105-
E), With Acetylcyclopropane. - In two reductions, 9.95
m.moles (0.0S9g,), and 5.48 m,moles (0.038g.) of lithium
required 9.83 m.moles (0.825g.), and 5.40 m.moles (0.454g»)
respectively of the ketone.
In two further reductions in which the product was
examined by vpc (Apiozon L and Carbowax), 5.10 m.moles
(0.0354g»), and 3.4-0 m.moles (0.375g.) of lithium required
5.24 m.moles (0,440g.), and 5.35 m.moles (0,450g.)
respectively of acetylcyclopropane, and the corresponding
ratios of rearranged product to unchanged acetylcyclopropane
were 0.97: 1, and 0.90:1 respective 13/-.
In another experiment, an excess of lithium was
back-titrated with 5-methylhexan-2-one. Acetylcyclopropane
(O.lSOg., 1.91 m.moles) was added to lithium (0.0345g.,
4.97 m.moles) in anhydrous liquid ammonia (10ml.) and the
resulting solution was stirred for 2 hours before the
excess of lithium was bock-titrated with 5-methylhexan-2-
one (0.330g,, 2,90 m.moles). The ratio of rearranged
product to unroarranged product was 4-«0:l.
In two further reductions, an excess of lithium was
back-titrated with 2,2,6,6-tetramethylcyclohexanone (see E),
Acetylcyclopropane (9.78 m.moles, 0.8206g., and 10,0 m.moles,
D.8717g.) was added to lithium (11.15 m.moles, 0.0774g.,
and 12.88 m.moles, 0,0892g. respectively) in anhydrous
liquid ammonia (10ml.). The resulting solutions were
stirred for 2 hours before the excess of lithium was bock-
titrated with 0,85 m.moles (0.013g.), and 1.80 m.moles
(0.27Sg.) respectively of 2,2,6,6-tetramethylcyclohexanone,
The ratios of rearranged product to recovered acetylcyclop¬
ropane were 1.04:1, and 1.18:1 respectively.
E. With Non-Bnollsable Ketones. - 2,2,4,4- Tetramethyl-
pentan-3-one was prepared by the method of Bartlett and
IOS
Schneider, from sodium, t -butyl chloride, and methyl
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pivalate, Pre para'Give vpo (Carbowax, 100°) gave pure 2,2,
— "1
4,4-totramethylpentan-3-one s ir (film), 1684 cm" (vs)j
nmr (CC1^), 1.21 (s), In two titrations, 1.80 m.moles
and 2,15 m,moles of li'Ghium required 0.61 m.moles and 0.74
m.moles respectively of 2,2,4,4-tetramethylpentan-3-one.
2,2,6,6-Tetramethylcyclohexanone was prepared by
refluxing a suspension of sodium hydride in a solution of
methyl iodide and 2,2-dimethylcyclohexanone in dioxan.
Preparative vpo (Carbowax, 120°) gave pure 2,2,6,6-tetra-
meGhyloyclohexanone j ir (film), 1695 cm" (vs); nmr (CC1^),
1) 1.06 (s, 12 protons from 4 meGhyl groups), and 1 .69 (m,
6 oyclohexyl protons). Titration of a soluGion of liGhium
(0.578 m.moles, 0,00i|.0g.) in liquid ammonia (10ml.)
required 0.570 m,moles (0.0878g.) of 2,2,6,6- tetramethyl-
0 yclohexanono.
Deuteratlon of 1 -Agotyl-2,2-dimethylcyclopropane. - 1 -
Aoetyl-2,2-dimethylcyclopropane (l.12g,, 0.01 moles) was
SGirred for 12 hours, in a stoppered flask, with 5.14 ml,
of a solution containing 0,0644g, of sodium hydroxide-d,
in 100 ml, of water-dp. The reaction mixture was extracGed
with anhydrous ether (3x5ml,), and the product was obtained
by distilling ether from the dried, combined extracts.
Repetition of the above procedure gave material which
was purified by preparative vpc (100°; Garbowax column,
which had been treated with hexarnethyldisilazane immediately
prior to use) to give product (0.95g») which ho<5 the
/ —1
following spectral properties; ir (film), 2260 cm" (w);
nmr (CG14), 6 0,71 (d of d,1H, J»4.0 and 8.0 Hz,
trans to acetyl),1.11 (m,1H, cis to acetyl), 1.05
(s,3H, methyl jcis, to acetyl), 1.17 (s,3H, methyl trans to
acetyl), and 1,78 (d of d, 1H, J=5«5 and 8.0Hz,
The mass spectrum showed that the deuterium exchange was
99,0fc of three replaceable hydrogens. The disGribution of
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of deuterium was calculated to bo dg, 2.90%; and d^, 97,10%,
Deuteration of Acetylcyclopropane. - Acetylcyclopropsne
(0.98g,, 0,01 moles) was deuterated using the same
procedure as above. The mass spectrum showed that the
total deuterium exchange was 98.8;: of three replaceable
hydrogens. The distribution of deuterium was calculated
to be dg, 3.5/sJ and d^s 96,5%.
Treatment of Deuteratod 1-Icetyl-2,2~dimethylcyclopropane
with Liquid Ammonia. - Deuteratod 1-Acetyl-2,2-
dimethylcyclopropanc (0,1Og,) was stirred for 2 hours in
anhydrous liquid ammonia (10ml.). Solid ammonium chloride
(ig.) was added, followed by anhydrous ether (10ml,).
After the ammonia had evaporated, the filtered solution
was concentrated and then purified by preparative vpc
(100°; Carbowax column, which had been treated with
hexamothyldisilazane immediately prior to use) to give
vpc pure product (O.OSg,). The mass spectrum of this
product showed the deuterium distribution to be dg, 2.9%;
and d^, 97.1%.
Reduction of Deuteratod Acetylcyclopropane with Lithium
in liquid Ammonia, - Deuterated acetylcyclopropane
(0.50g.) was added to a solution of lithium (0,20g,) in
liquid ammonia (50ml,) in the usual manner. The solution
was stirred for 2 hours and an excess of solid ammonium
chloride was added quietly, followed by •■sodi turn-dried!
ether (20ml.). After the ammonia had evaporated, the ethor
was separated and the residues were washed with anhydrous
ether (10ml,), The combined ether extracts wore
concentrated to a volume of approximately 2 ml. The
reduction product was shown by vpc (Carbowax, 50°) to be a
mixture containing ace tylcyc lopropane (28?5) and pentan-2-one
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( 70}o) with 2;i of oh© corresponding alcohols. Purification
of the product by preparative vpc (1D0°J Carbowax column,
which had been treated with hexamethyldisilazane iramedlately
prior to use) gave vpc pure acetylcyclopropano and pentan-2-
one.
The mass spectrum of the recovered acetylcyclopropano
showed that the distribution of deuterium was <3 , O.ii/ij
d^ , 7,7%J and dg, 91,9?s. The distribution of deuterium
in the pen tan-2-one was d,j ; 0,2+7-1 dg, 6.8S&J and d^, 92.8/t,
Polarography in Liquid .Ammonia, - The electrolysis cell
which was used in this investigation is shown in Figure 4,
p, iO^ The cell was graduated so that the volume it
contained could be measured directly, A platinum wire
was sealed through the bottom of the cell so that the
mercury pool could be used as the non-polarisoblo electrode.
The dropping mercury electrode was positioned so that when
the cell contained 13 ml. of mercury and 30 ml, of liquid
ammonia solution the whole of the capillary was immersed,
Anhydrous, oxygen-free ammonia was prepared using the
91
drying system of Laitinen and ITyman, shown in Figure 5,
p. 10^ but because of the volatility of the ketones being
studied, the actual drying procedure differed from that of
1
Laitinen and Lyman, Tubes B and B each contained a small
piece of sodium metal (ig,) in order to remove oxygen and
water from the ammonia, v/ith tap B closed, the system was
evacuated through tap C, and, after cooling tube B in a
Dry-Ice/ethanol bath, gaseous ammonia was allowed to enter
the system through tap D. When approximately 80 ml, had
been collected, the ammonia was distilled from tube B to B ,
The cell was then flushed with anhydrous, oxygen-free
nitrogen, the ketone to be electrolysed and the indifferent
electrolyte (0,106.g.) were added and the cell was again
flushed with nitrogen. After that part of the drying system
-109-







— R 3A joint
.Dropping mercury
capillary^
Figure 5.— Drying system for the preparation of anhydrous, oxygen—free;
liquid ammonia.
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between A and E had boon flushed with nitrogen, the cell
was connected at A as shown, cooled in a Ery-Ice/ethanol
bath, and then evacuated through tap C. Ammonia was
distilled into the graduated coll until the desired volume
(50ml. at -35.5°) had been collected. 'lap E was then
closed and the cell was allowed to stand for 1 hour in a
slush bath of 1 ,2-dichloro-ethane (ra.p., -35.5°) to ensure
that the indifferent electrolyte hod reached solubility
equilibrium.
The indifferent electrolyte, tetrabutylammonium iodide,
was obtained from B.D.H. and was dried at 110°, in vacuo,
prior to use. Because of the low solubility of tetrabutyl-
ammonium iodide in liquid ammonia (0.10Sg./30 ml., at -36°,
- + \^7
0.00p7M - 5%), all polarograms were measured using a
saturated solution of the salt.
The current flowing at a given potential of the dropping
mercury electrode was measured using a simple spot-galvano¬
meter. This instrument was calibrated by inserting a
known resistance in place of the electrolysis cell and
applying a known potential. The potential of the dropping
mercury electrode relative to the mercury pool was set with
a manual polarograph. Polarograms were run successively
until the observed half-wave potential was constant
(generally tnreo runs were sufficient) before a final
polarogram was recorded.
Controlled Potential Electrolysis in LiQuid Ammonia. - The
cell shown in Figure S, p.llif was used for all the
experiments in this investigation. A platinum wire was
sealed through the bottom of both parts of the cell to
provide electrical contact with the cell. A sintered glass
disc prevented mixing of the solutions in the two compartments
and a a top-cock at the top of the cell allowed equilibration
of pressure between both parts. The cathode compartment
-111-
was fitted with a sealed-in dropping mercury electrode
(reference electrode) and a stirrer go keep she surface of
the mercury pool cathode clean.
The cell was set up as shown in the diagram, with the
side-arm of each compartment filled with mercury go provide
an electrical contact with the platinum wire at the base of
each compartment. Mercury (15ml.) was placed in Gho anode
compartment, and sufficient mercury was put into she cathode
compartment to leave«a gap of about 0.5 cm. between the
surface of Ghe resulting mercury pool and the tip of the
fixed, dropping mercury electrode. Any mercury remaining
on the sides of the coll was removed*
The supporting electrolyte, anhydrous calcium nitrate
(49.2g.), prepared from the AnalaR totrahydrato by drying
IDSat 170° 9 in vacuo, was put in a pressure-equalising
dropping-funnel fitted with a Dry-Ice condenser and protected
from atmospheric moisture by a calcium oxide drying-tube.
Anhydrous ammonia, prepared as on p.108 was passed into
the graduated funnel until 150 ml. of solution had been
prepared. The dropping funnel and Dry-Ice condenser were
then connected to the electrolysis cell so that the prepared
ammonia solution could be run directly into the anode
compartment.
After a weighed quantity of the •ke't-ijrre to be electro¬
lysed hod been introduced into the cathode compartment,
the cell was flushed with anhydrous nitrogen and then
surrounded by a slush bath of 1,2-dichloro-ethane (m.p,,
-35.5°). After several minutes, the prepared solution of
anhydrous calcium nitrate in liquid ammonia was added to the
anode compartment. The cathode compartment filled through
tho sintered glass disc. The cell was then left for 15
minutes to reach temperature equilibrium with the slush
bath. The pressure-equalising funnel and Dry-Ice condenser
were removed .and replaced by a mercury safety-valve.
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Stirring was commenced and current was passed using
the circuit shown in Figute 7, p. Ui^. the potential of the
cathode relative to the dropping mercury reference electrode
being maintained constant using the decade resistance box.
To isolate the product after electrolysis, benzene
(25ml.) was added to the anode and cathode compartments of
the cell and the ammonia was evaporated. The combined
residues were dissolved in water and extracted with benzene
(25ml.). The product could then be examined by analytical
vpc or isolated by concentration of the benzene extract.
The results of throe experiments with acetylcyclopropane
are shown below,
a) Acetylcyclopropane (0,2i0g.) was electrolysed for
20 hours, as described above, the voltage of the mercury
pool cathode being kept at approximately -1.7U volts relative
to the reference electrode. The initial current passing
through the cell was 37 mA, while the final current was 12 mA.
Vpc examination (Carbowax, and Apiezon L) of the benzene
extract showed only ace tylcyc lopropane and pentan-2-one (3/0 •
Evaporation of the extract gave no residue#
b) Ace tylcyc lopropane (0.300g.), with decane (0.200g.)
as an internal vpc standard, was electrolysed for 32 hours.
The voltage of the cathode was maintained at -1,80 volts,
and the initial and final current through the cell was
30 mA and 2i\ mA respectively,
Vpc examination (Carbowax, and Apiezon L) of the
benzene extract showed that 20;.: of the starting acetylcyclo-
propone was recovered unchanged along with some product
penton-2-one. The ratio of recovered acetylcyclopropane
to pentan-2-one was 3*1.
Evaporation of the extract gave a brown residue
which showed no hydroxyl absorption in the infrared. The
nmr spectrum showed a large absorption at S 7.26 with smaller,
-113-
broad absorptions at £> 0,08, 1.20, and 1.60. Thin-layer
chromatography of this residue showed no mobile fractions,
c) Acetylcyclopropane (0.100g,)s with dec one (0,100g.)
as an internal vpc standard, was electrolysed for 211 hours.
The voltage of the cathode was maintained at -1,69 volts,
and the initial and final current through the cell was
18 and 5 niA respectively,
Vpc examination of the benzene extract showed that
u5/i of the starting acetylcyclopropane was recovered
unchanged along with product pontan-2-one. The ratio of
recovered acetylcvclopropane to pentan-2-one was 3'2,
Evaporation of the extract gave no residue.
-114-
Figure 6.- Cell used for controlled potential electrolysis in liquid
ammonia.















Figure 7.- Electrical circuit used for controlled potential experiments
in liquid ammonia.




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Reduction of trons-1 -Acetyl-2-methylc.vclo'propane with Lithium
















10.113 0.326 27.1 3.1 69.8 1.70:1 1.67:1 22.5 0.0445
0.211 0.61 8 1 0.6 3.9 85.5 2.55:1 2.80:1 21.9 0. Oh57
0,3*13 0.839 1 4.4 4.2 81.it 1.84:1 2.02:1 19.3 0*0518
0.315 0.909 1 0.1 3.7 86,2 2.32:1 2.3k'. 1 23.2 0.0431
0.473 1.372 10.3 4.0 85.7 1.97:1 2.14:1 21.6 0.0463
0.600 1.730 9.7 3.7 86.6 2.06:1 1.87:1 23.2 0.0431
Table 10
Reduction of cis-1 -Acqtyl-g-mothylcvclopro-pane (Q.25g.) with
Lithium in Liquid Ammonia - (Method B).
lft, of | Molarity








0.060 ! 0.173 19.3 69.7 11.0 3.08:1 2.83:1 6.32 0.158
I0.160 | 0.461 8.7 81.9 9.4 3.42:1 3.27:1 8.80 0,114
b.230 ! 0.664 15.4 73.6 11.0 3.08:1 2.81; 1 6.72 0.149
|0.300 | 0.866 9.9 81.1 8.9 3.42:1 3.24:1 9.02 0.111
jo.400 I 1.153 8.4 81.8 9.8 3.42:1 3.20:1 8.35 0.120
jo. 600 j 1.730 11.5 77.0 11.5 3.42:1 2.46:1 6,69 0.150
0.620 ! 1.738
j




Reaction of 1-Acetyl-2,2-dimethylcyclopropone with Pi-t-
butyl Peroxide and Buton-2-ol.




0.113 72.8 0.7 26.5 | U5 0.022
0.225 62.3 36.7 ; 36 0.028
0.450 53.9 1.1 45. o I 41 0.021!
Table 12
Reaction of tra~a3-1-Acetyl-2-mothylcyclopro'pone with Dl-t-
butyl Peroxide and Butan-2-ol.
fft, of
DTBP (g„)








































Reaction of cis-1 -Acetyl-2-methylcyclopropone with Pi-t-
butyl Peroxide and Butan-2-ol,
Wt. of
DTBP (g.)








0.113 89.5 9.5 1.0 2.08:1 1.84:1 0.111 8.98
0.225 83.6 14.8 1.6 2.08:1 1.78:1 0.109 9.20
O . Ul o
I
81.5 16.5 2.0 2.08:1 1.71:1 0.124 8.04
I
Table 1 it-










0.05 90.5 0.4 9.1 0.845:1 0.798:1 20.9 0,0478
0.15 85.6 0,6 13.8 0.845:1 0.759:1 22.9 0.0436



















0.025 62.2 29.1 6.7 2.34:1 2.44:1 0.299
!
3 - 3^4!
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APPENDIX
The reductive cleavage of conjugated cyclopropyl ketones with
metals in liquid ammonia is, overall, a two electron reduction. In
the present work, it was assumed that rearrangement could, theoretically,
occur via (a), a radical-anion species, after the addition of one
electron to the carbonyl group, or (b), a dianion species, generated
by the addition of two electrons to the carbonyl group (see p.7). It
was assumed that rearrangement and protonation in the reduction were
separate steps and that the radical-anion intermediates of general type
(20) and (21_), and the carbanion intermediates of general type (23)
and (2A), were discrete reaction intermediates. However, it has since
*1 "J
been pointed out " that rearrangement and addition of hydrogen could
occur concomitantly.
After the addition of two electrons to a conjugated ketone of the
general type (17), rearrangement could be viewed as
and, after the addition of one electron to a conjugated ketone of the
general type (V7), rearrangement could be viewed as
(12) (18)
112
E.S.R. evidence indicates that in the sernidione (111), prepared
by spontaneous disproportionation of methyl cyclopropyl acyioin in












and in free-radicals from alkylcyclopropanes % there is some
odd-electron density on the ^ hydrogen atom of the cyclopropane
ring.
This can be interpretated as meaning that there is soma resonance
between the cyclopropyl and open-chain form of these radicals.
*
CH . CH
i CH-CHR 4 > i .CH=CHR
CH2 CH2
Concomitant rearrangement and hydrogen addition in the reduction
of ketone (17) would lead to the production of amino radicals,.and
hence hydrazine. The presence of small amounts of hydrazine in the
reaction product from the titration of a solution of lithium in
liquid, ammonia was demonstrated after this work was completed.
If concomitant rearrangement and hydrogen addition occurred in
the reduction of substituted acetylcyclopropanes, the products observed
might not be those expected on grounds of radical or carbanion
stability alone because of the possibility of a steric effect
between substituents on the cyclopropane ring and the ammonia
molecule which is taking part in the reduction.,
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